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1.) Cen Tae pUuecrren 


A. GENERAL 


Integrated Logistics Support (ILS) is a concept 1nthGs 
duced over two decades ago. In June 1964 the Department of 
Defense issued its directive which derined ILS as "a 
composite of the elements necessary to assure the effective 
and economical support of a system or equipment at ali 
levels of maintenance for it's programmed iife cycle." 
PRef = 2h: p.- 2] The general policies of that directive 


succinctly stated the importance of ILS in the foo vee 


Development of ILS for a new system shall De initiated 
concurrently with the performance requirements or at_the 
earliest possible time in the conceptual phase and at 
the procurement pianning phase for , Commer cia = aaa 
abie items. The evolution of logistic support, that ey 
the integration of .its elements shall be_ the result of 
progressive system analyses of the plan for use and tne 
plan for support and indicated trade-offs between these 
Plans through all phases of the project. [Ref- 2: poe 


Integrated Logistics Support is composed of eéieven 
elements: Maintainability, reliability, maintenance plan- 
ning, supply support, support and test equipment, transpor- 
tation and handling, technical data, personnel and training, 
and interim support [Ref. 3: p. 10]. It difiers fron nomi 
logistics concepts in that it involves several different 
disciplines and that it involves the interaction of ail the 
elements throughout the entire frogrammed life cycle of the 
systen. The logistics costs cf a weapoa system comprise 
about eighty percent of its life cycle cost. However, in 
the past ILS did not receive the same consideration early in 
the acquisition process as did the hardware to be used in 


the system. The importance of ILS cannot be overemphasized 


in the wake of increasingly couplex weapon systems and the 
staggering expenditures of tax dollars required to purchase 
and support then. Former Secretary of Defense Harold Brown 
emphasized that point in Consolidated Guidance when he said 


of our tactical air forces: 


PiewecoestS —Of buying and Operating tactical air. forces 
are taking an incréasing share of the defense budget. 
Miediz Lfclreasing ccmplexity 1£ a significant factor hot 
yaad Mito m——cotoOvti, mot also 1m an Increasing cdirii- 
Solty in Maintaining the compat readiness. of Our air 
crewS and their equipment. These trends 1£ continued, 
Seu ce jeoparaize OUL ability tO Maintain a force that is 
large @€nough, that is modern enough, and tnat is ready 
enough to carry out our plans. [Ref. 4: p. j 


To further emphasize the need for more ILS considetra- 
tions in weapon system acguisition and to outline a progran 
wen Loproving the acGguisition process Mr. Frank C. Carlucci, 
the Deputy Secretarv of Defense, issued a memorandua in 
April 1981 that contained thirty-two initiatives designed to 
accomplish necessary improvements j;,Ref. 5]. NPE a ee a 
felt that if these tasks were successfully accomplished, 
system acquisition wceuld be streamlined and cost Savings 
would result. One of the initiatives specifically required 
that readiness objectives be established for each weapon's 
development program and then required that reliabiiity and 
Maintainability be designed into the systen. ees eee i cl 
tive has been restructured to include key aspects of other 
O£ the initiatives, one of which is the use of incentives to 
motivate the contractor to improve the readiness and support 
of newly acquired systems [Ref. 6: p. 15]. 

Incentives are not new to defense contractors but to 
date have focused primarily on motivating performance, 
schedule, and cost objectives of the contracting parties 
PHet. /:; p.j 30]. However, various forms of incentives have 
recently been used in the area of logistics in an effort to 


improve the availability of today's systems. To date these 


incentives have largely been inthe form o£ warranties and 
have focused on the negative motivational aspects of an 
incentive [REfE. “72 “poe 248 They have been structured to 
becone effective after the eyuipment has been fielded rather 
than in the design phases of the acquisition. A more effec- 
tive incentive might be to motivate the contractor during 
the design of the equipment so that improved availability is 
designed into the system ‘fren the start Lather "taaw 
attempting to remedy it after the system is developed. This 


thesis explores the use of incentives toward that end. 


Be. OBJECTIVES OF THE RESEARCH 


The objectives of the research were: (1) to investigate 
the concepts, characteristics, and issues involved in tne 
topical areas of incentives and maintainability, (2) te 
determine if defense contractors could be ft&otivated to 
improve the maintainability of a system during deSign, and 


(3) how that motivaticn might be accomplished. 


C. RESEARCH QUESTIONS 


The primary reSearch questicn was: Can Can incentives 
be used in Government contracts to improve the maintain- 
ability of equipment acquired in the future? 

The subsidiary research questions were: 

le? What. 2S °maintdinabilie,2 

2. How does maintainability relate to the acquisition of 
equipment today? 

3. What motivates a contractor to do buSiness with the 
Government today? 

4. What are the Significant characteristics Of Conmteacs 
incentives? 

5. What would the objectives of incentives for maintain- 


akility be in Department of Defense contracts? 
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6. What are the current methods used to promote main- 
tainability in Government contracts? 
7. How can incentives be used to motivate the contractor 


to improve maintainability? 


De OCOPE 


The main thrust of the study focuses on the element of 
iieegrated Logistics Support known as maintainability and 
the appropriateness of uSing incentives with the contractor 
designing the system in an attempt to improve it. The 
research focuses primarily on the Government's use of incen- 
tives with defense contractors in the procurement o£ major 
end items. In addition, research was conducted into the 
area of incentives with particular attention paid to the 
most effective incentives from the contractor's point of 
view. Finally, the study shows how incentives can be used 
fommlotlLvVate contractors to improve maintainability during 
the design phases of the acguisition. The study does not 


Sevempt an analysis or the construction of a maintainability 


model. it does not attempt to evaluate the EOS" 
effectiveness of maintainability nor does it critigue 
current maintainability engineering techniques. The study 


does suggest possible methods cf motivating contractors to 


improve maintainability in systems under design. 


E- METHODOLOGY 


Tn order to answer the primary and subsidiary research 
questions a combination of research techniques was utilized. 
The first of these was to use existing data in the litera- 
ture On maintainability models, Malntainability, use of 
incentives, structure of incentives, and contractor motiva- 
tion to form the basis of the study. The second research 


technique involved interviews with Government logistics 
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personnel and defense contractor representatives from compa- 
nies located primarily in the Calitotnmiaea These 
contractor personnel included individuals in  Contracca 
engineering, program Managers, and other acquisition 
personnel as would be appropriate for this study. A list of 
the personnel interviewed appears in Appendix A of this 
thesis. To permit those interviewed to answer questions 
freely, all interviews were conducted on the basis of nonat- 
trols ction. A list of the primary interview questions 


appears in Appendix B of this thesis. 


Fs. ASSUMPTIONS AND “Liter arrTons 


The major assumption in the study is that the reader has 
some familiarity with the procurement process Dut not neces- 
Sarily a professional background in the fieid. It is 
further assumed that the reader is aware of the relationship 
that exists between the defense industry and the Department 
of Defense. 

The major limitations encountered in the study involves 
the material currently available on the use of incentives in 
the manner under study. A great deal of material exists 
that discusses incentives, but fost of that material concen- 
trates on the use of incentives to motivate the contractor 
to stay on schedule or under cost. Only recently have 
attempts been made to motivate the design contractor to 
improve any of the elements of support and published 
material on the effectiveness of those efforts iS not yet 


available. 


G. ORGANIZATION OF THE STUDY 


The study is organized in the following manner: Chapter 
II contains a description of the acguisition process, the 


design process and pertinent definitions. Chapter III isa 
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discussion of the issues concerning maintainability and 
their role in the acquisition process. Chapter iV contains 
a discussion of the issues Surrcundinjg the use of incentives 
in defense contracts and a discussion of those factors that 
motivate defense contractors to do business with the 
Government. Chapter V discusses the case of the F/A-18 
program and the incentive program used to improve the main- 
tainability of that system and provides an analysis of the 
program's success. Chapter VI provides an analysis of the 
pooblems and issues surrounding the use of incentives for 
maintainability improvement. Chapter VII cfinishes the study 
by providing conclusions derived from the research, recon- 
mendations on potential future use of incentives to improve 
the maintainability of new weafon systems, and answers to 


the research guestions. 
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II. BACKGROUND AND FRAMEWORK 


A. MAJOR SYSTEMS ACQUISITION PROCESS 


In this chapter the major system acquisition process and 
the system design process will be discussed and pertinent 
definitions to be used later in the thesis will be provided. 
The introduction of a major weafon system is the result oz a 
detailed and systematic decision process. The process 
begins with the recognition by the Secretary of Defense or 
one of the DoD component chiefs that a need exists in some 
MLSSLOn “areq [Refs Ve: epee 1c The mission need can be the 
result of a perceived or actual change in the current 
threat, a change in the state of technology, or a change in 
an assigned mission element. Continuing analyses of 
assigned missions by the Secretary of Defense, the Joint 
Chiefs of Staff, and the DoD components establishes the need 
for the new system. The purpose of the analyses is to iijen- 
tify deficiencies or to identify more effective means of 
performing assigned missions [ Ref. 8: Poe vole However, 
before making the decision to acquire a new system, a thor- 
ough investigation of alternatives is conducted to ensure 
that the need cannot be satisfied by a change in tactical or 
strategic doctrine, the use of existing military or commer- 
cial systems, or through the modification and improvement o£ 
an existing system [Ref. 8: p. 4]. Atter the identifticarre 
of a need is established and acguiring a new weapon svysten 
is determined to be the only satisfactory means of satis- 
fying the need, there are two basic requirements to be 
satisfied for initiation of the acquisition process: the 
first, 1s the preparation of a Mission Need Determination 
(MND) and the second, is the allocation of funds for the 
system PREL= 9s pseu. 
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miemeallOcationmeoreatundsS Tor a new system 1S quite 
Mivolvedueam ia2tselzr aS it aSmeintegratede fully into the 
Planning, Programming, Budgeting System (PPBS) used to 
develop this nation's budget. Stated briefly, however, to 
Boece ve fundrnge for a program sa Justification for a Major 
Systems New Start (JMSNS) is submitted with the DOD compo- 
nent's Program Objectives Memorandum (POM) to the Secretary 
of Defense. The Secretary of Tefense then issues a Progjran 
Decision Memorandum (PDM) which includes the approval or 
disapproval of the JMSNS. Approval of the JHUSNS authorizes 
the start of the new system and begins the acquisition 
process. 

There are four major phases in the acquisition process 
moday: CoOncememnxD -OEaAti1On, Lemonstration and Yalidation, 
Full Scale Development, and Production and Deployment. The 
phases follow the same general pattern regardless of the 
acquisition category of the system being acguired. There 
are four major Acguisition Categories (ACAT) for a ney 
system differentiated primarily by the authority level at 
which the decision to continue cr not to continue the accui- 
Sition is made [Ref. 9: pp. 32-34]. The categories are also 
differentiated by dollar threshclds for research and devel- 
Opment costs and production costs for the system. In ACAT I 
level systems the decision authority rests with the 
Be@metary of Defense for most of the acquisition process. A 
financial threshold of $200 miliion for research and devel- 
opment and $1 billion for production is usually considered 
to be the minimum threshold for an ACAT I systen. fost 
Major weapon systems remain in this category. READ io 
programs utilize the service Secretary as the decision 
eemerity and utilize a threshold of $100 million for 
Meeearch and development costs and $500 million for produc- 
tion costs. ACAT Tift and ACAT IV retain decision authority 


within the DoD component concerned and do not utilize 
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threshoids for research and development or production costs. 
These categories are differentiated primarily by the effect 
of the acguired system on existing hardware or mission capa- 
bilities. (Reto; p- 34] It should be noted that the 
Secretary of Defense can retain decision authority regard- 
less of the thresholds involved if the urgency of need and 
development risk are high or it is a joint program with 
other nations or between more than one DoD component 
fRef. 9: p. 4]. For the purposes of this study the acquisi- 
tion process described will be that of an ACAT I level 
systen. 

The first major phase of the acquisition process is the 
Concept Expioration Phase. During Concept Exploration many 
activities take place; among them the appointment of a 
program manager, the drafting c£f his charter, the develop- 
ment and refinement of an acquisition strategy, the initia- 
tion of studies to arrive at performance, cost, schedule, 
and supportability estimates, and the development of test 
and evaluation criteria. The most important activi 
however, in this phase is the solicitation from industrv, 
in-house laboratories, and universities for alternative 
concepts for evaluaticn as a means of satisfying the mission 
heed. The objective of the Concept f&xploration Phase is to 
select the most promising system concepts to continue into 
the second phase of the process. Maintainability considera- 
tions are in its infancy during Concepre Ex oeera ere Thev 
are usually stated as a series of general parameters that 
form the basic maintainability objectives for the systen. 
[Ref. 3: p. 22] Concept Exploration ends with a decision at 
Milestone I. This decision is made by the Secretary of 
Defense based upon information provided inthe Milestone 
Review Documentation (MRD) which includes a Systems Concept 
Paper (SCP) and a Test and Evaluation Master Plan (TEMP). 


An approval of the MRI at Milestone I concludes the Cencept 
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Exploration Phase and Sia ts the Demonstration and 
Vommaatbon chase Of the acCquiSition. [Reft. 9: p. 14] 

During the Demcnstration and Validation Phase the 
surviving alternatives undergo analyses, hardware fabrica- 
tion, and test and evaluation to verify that the risks and 
uncertainties involved in the remaining alternatives are 
identified and reduced to acceptable levels [Ref. 9: p. 41}. 
This phase is used to demonstrate that the needed technology 
is at hand to ensure that only engineering develcpment is 
reguired to develop the concept. MipaadttLon tou verliying 
the existence of the technology necessary for the systen, 
performance and mission envelopes are defined and trade-off 
analyses of capabilities versus cost are conducted in order 
to select the concept for fuli scale deveiopment. During 
Demonstration and Validation, maintainability parameters are 
allocated to the lower levels of the system and these paran- 
eters begin to become more definite and measurable. Tne 
contractors developing the design begin to make their trade- 
off analyses to test the achievability of the objectives 
Stated. [Ref. 3: ps. 22] The okjective of tne Demonstration 
and Validation phase is to identify the system ccncept 
having the greatest potential for meeting the mission need 
in a cost effective manner. The conclusion of Demonstration 
and Validation occurs at Milestcne II. At Milestone IT the 
Secretary of Defense reviews the MRD for the systen. The 
MRD is basically the same as that used at Miiestone I except 
that a more detailed Decision Coordi- nating Paper (DCP) is 
used instead of the SCP. In some cases, the decision 
authority will require more detail than that present in the 
DCP and thus require that an Integrated Projram Summary 
(IPS) be submitted also. Approval of the MRD at Milestone 
ii concludes the Demonstration and Validation Phase of the 
process and authorizes entry into Full Scale Development of 
Blew ystem. [Ref. 9: pp. 41-45) 
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The Full Scale Development Fhase 1S a period of careful, 
iterative, and detailed engineering effort [ Ref: 9: po ome 
By this stage in the acgquisiticn process, the alternative 
concepts have been narrowed down to one or two systems that 
can satisfy the mission need in a cost effective manner. 
The objective of this phase is the demonstration and docu- 
mentation of a cost effective, cperationally suitabie, reli- 
able and production engineered system that meets the mission 
need. fRef. 9: p. 53] During full scale developnen tear 
producibility of the system will be demonstrated through the 
establishment of the production lines to be used during the 
iast phase of the process. Also, during tails phase tne 
Maintainability parameters estallished earlier and allocated 
to the system can be tested cn the prototypes developed 
during this phase. By this stage in the system's develop- 
ment the design effort ror the maintainabiiity of the system 
1S virtually completed [Ref. 3: p. 23]. The final decision 
point, Milestone III, reguires the same basic documentation 
as that reguired in Milestone II, however, in many cases the 
decision authority for approval at Milestone [II has been 
delegated to the DoD component Secretary [Ref. 9; p.j 66}. 
Milestone III concludes the Full Scale Development Phase and 
kegins the Production and Deployment Phase of the acguisi- 
tion process. 

Those activities designed to produce the system in a 
cost effective manner and issue it to the inventory describe 
the Production and Deployment Phase of the acguisition 
process. This phase wiil continue until the system is no 
longer required to fulfill a mission requirement. Although 
the process consists of four distinct phaSes, flexi 
and concurrency are encouraged where possible to expedite 
the fielding of the systen. Fexibility and concurrene 
however, are not to be pursued at the expense of sound 


Management practices. The entire acquisition process is 
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evolutionary in nature beginning with a mission. need, 
Svorvingmeoeond eeonceptual adea,. then imto an engineering 
Daoeouyee, and LImally imto a mission ready systea for the 


user. 


Pee L£HE DESIGN PROCESS 


The design process is also evolutionary in nature begin- 
ning with an idea and evolving into a physical model of the 
system. The process begins with a conceptual design whicna 
includes feasibility studies directed toward defining a set 


of useful solutions to the need to be satisfied [Ref. 10: p. 


186 }j. The output from this phase of the deSign contains a 
technical baseline for the systen, a definition of the 
systems operational requirements, and the maintenance 


Bemcept [Ret. 0: p. 186]. Thisephase of tne d2sign process 
occurs during the Concept Exploration Phase of the acqguisi- 
tion process. The second phase of the design process is the 
Preliminary System Design. During this phase of the design 
the baseline configuration identified in the conceptual 
design is used to identify system level reguirements and 
detailed gwalitative and Guantitative characteristics 
[Ref. 10: p. 186). It is during this phase of the design 
that trade-off studies, logistics support analysis, configu- 
ration definition, and functional analyses and allocation of 
Beliability and maintainability factors are conducted. 
Preliminary System DeSign occurs during the Demonstration 
and Validation Phase of the acquisition process. Sine Geatsere\ IL 
stage of the design process is the Detail Design and 
Development Phase and includes those activities associated 
with the Full Scale Development phase of the acquisition and 
concludes with the existence of a physicai model or proto- 
type of the new system [{Ref. 10: p. 188]. As can be plainly 


seen, the major design decisions are already made before the 


i 


end of the Fuli Scale Development Phase of the acguisition 


process. If improved maintainability of the system is an 
objective of the acguisition and incentives to the 
contractor are the means to accomplish it, contract dam 


implementation of those incentives must be achieved early in 


the acquisition process. 


Cols DEF TINTEIONS 


The definitions ccntained in this section and the vaeuee 
hnymsS associated with them will be used throughout’ the 


remainder of this theSis. 


1. Operational Availability (Ao) 


Operational availability is the probability  thaveee 
System or eculpment, when used under stated conditions will 
operate satisfactorily when called upon. Tt 1s calculated 
by dividing the mean time between maintenance actions by the 
sum of the value for mean time between maintenance actions 


and mean maintenance downtime. [Ref. 10: p. 67] 


-~ 


Z. Mean Corrective Maintenance Time {Mct)/ Mean Tine to 


Repair (NTTR) 


Each time asystem fails a series of steps is 
required to repair or restore the system to its fuil opera- 
tional status. These include fault detection, isolation, 
disassembly, repair, reassembly, and checkout. Completion 
of these steps constitute a corrective maintenance cycle. 
The composite value representing the arithmetic average of 
the individual maintenance cycle times is known as Act or 
MEDR (Ret. lose DD. On ae 
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See ogiscics Velay fame (1 5T) 


Logistics Delay Time refers to that taintenance 
downtime that is expended as a result of waiting for a spare 
Batt) to keeome available, waiting for test equipment, trans- 
portation, or facilities. It does not include active main- 
tenance time but does constitute a major element of total 


Maintenance downtime. [Ref. 10: p. 46] 
4, Administrative Delay Time (ADT) 


Administrative delay time refers to that portion of 


downtime during which maintenance is delayed for reasons of 


an administrative nature such as: personnel assignment 
priority, labor strikes, personnel training reguirements, 
and organizational constraints. It does not include active 


Maintenance time. [Ref. 10: p. 46] 


5- Maintenance Downtime ( 


MIT) 


This is the total elapsed time required to repair 
and restore a system to rull oferational status or retain a 
system in that condition. It includes mean active mainte- 
hance time, logistics delay time, and administrative delay 
time. [Ref. 10: p. 46] 


6. Mean Active Naintenance Time (i) 


Mean active maintenance time 1S the average elapsed 
time reguired to perform scheduled and unscheduled mainte- 
Mance and excludes Logistics Delay Time and Administrative 
Delay Time. [Ref. 10: pw. 45] 


7. Mean Time Between Maintenance (MTBN) 


Mean time between Maintenance is the sean time 
between all maintenance actions (scheduled and unscheduled) 
and is calculated by dividing 1 by the equipment failure 


rate and the preventive maintenance rate. [Ref. 10: p. 46] 


on 


Ba, Lire Cy ete ese 


Life cycle cost is the total of ali CoSts associate 
with a particular weapon system and is caiculated by taking 
the sum of research and development costs, procurement 


costs, and operation and Mainterance costs. 


De. SUMMARY 


In this chapter the major systems acquisition process 
was described and the decision milestones, documentation, 
and acquisition categories were identified. In acdition® 
the design process was discussed and its relationshify tc the 
phases of the acquisition process was established. Finally, 
definitions of terms to be used in subsequent Chap lvcres mas 
provided as well as the acronyms associated with then. ia 
the next chapter the concept of maintainability wili be 
discussed as well as the relevant issues concerning its role 


in the development of a new weapon systen. 


Ze 


eis” MAGNPATNABILITY ISSUES 


A. GENERAL 


This chapter discusses’ the issues surrounding the 
Sencept Of Maintainability. The discussion includes a 
description of the components of maintainability, the role 
of maintainability in the evolution of the design of the 
system and its role in the acquisition process, and finally, 
it includes an identification c&i£ the potential areas where 
trade-offs may occur. Maintainability has a guantitative as 
well asa qualitative definition, which complement each 
other to define the term. The purpose or gualitative defi- 


meeLon Of Maintainability is: 


To ensure the new weapon system has the characteristics 
of material design and instailation which make it 
possikble to Bee oberat Lone 2 objectives with a mininun 
expenditure of maintenance effor under the same opera- 
tional conditions in which. scheduled and unscheduled 
Maintenance will be performed. jRef. 11: p. 


Stenmtitatively, Maintainability is: 


A characteristic of design which is expressed as. the 
probability that an item will be restore to specified 
conditions within a given period of time when mainte- 
hance action is performed in accordance with prescribed 
procedures and resources. [Ref. 11: p. 1] 


Put simply, Maintainability is that element of ILS that 
deals with the design of a weapon system or component 
thereof, such that consideraticn is given to shortening the 
period of time the system is inoperable because of preven- 


mye Or COrrective maintenance actions. 
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Be COMPONENTS OF MAINTAINABILITY 


The discussion of the compcnents of maintainability in 
this thesis will focus on the eight major elements which 
comprise a typical maintenance cycle. The components of 
maintainability are: delay time, preparation time, fault 
location time, item obtainment time, fault correction tite, 
adjustment and calibration time, checkout time, and adminis- 
trative time [Ref. 11: p. 11]. These elements are directly 
associated with the actions required in a corrective tainte- 
nance action. However, Since many of these actions are also 
reguired in a preventive maintenance action the two types of 
maintenance cycles will not be differentiated in the discus- 
Sioh that follows. 

Delay time is the first element to be considered. CLelay 
time is defined as the time lapse between the occurrence of 
the failure and the technicians response to the cail for 
maintenance. Delay time originates from two different 
sources. The first, fault detection, can range in time from 
a few seconds in automated systems or systems with extensive 
built-in-test equipment to severai hours in manually oper- 
ated systens. Fault detection time becomes a4 significant 
factor in systems operational readiness testing and normal 
operations when operational availability 1S a primary 
requirement. The second component of delay time invclves 
technician notification and is essentially a conmunicavionr 
task, which accounts for the time period between systems 
failure and the technician's response. [Ref. 11: p. 9] 

The second element of maintainability is called prepara- 
tion time. Preparation time is simply the time it takes to 
gather the tools and equipment necessary to perform the 
maintenance. This time occurs vrior to the commencement of 
repair work and would include any time reguired to cbtain 


additional tools after repairs began. Influences on 
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preparation time include location and manner of storage of 
tools and test equipment as well as the number and varieties 
that will be required. [Ref. lis p. 9] 
; The third element of maintainability is fault location 
time, which is the time required to localize, gain access, 
and identify the failure. Pauleelocatmon 1s composed of 
three elements. Tieltirctemcault localization, is the time 
reguired to determine which major component of the system is 
down. This is accomplished through the use of maifunction 
Symptoms, test equipment, or cther features built into the 
systen. In manual systems this can be an extremely tine 
consuming task, often the result of trial and error method- 
ology in trying to iocaiize the failure. The second element 
of fault location is gaining access to the failure. This is 
the time required to open the equipment and remove anv parts 
that interfere with troublesnhocting and replacement opera- 
tions. Types of fasteners used and the size, type, and 
location of access ofenings influence the time required to 
gain access to the failure. The final element of fault 
location is failure isolation. In manual systems this 
element often accounts for more time than any other task in 
the cycle and may account for as much time as all others 
combined. The trial and error methodology necessary to 
isolate the failure cften results in excessive time spent in 
this element. However, even in automatic systems failure 
isolation can be extremely time consuming task unless the 
System is automated down to the individual part level, 
creating a system which is often very expensive to produce. 
Fault location iS probably the biggest area in which 
improvement can be made in the early stages of tne design of 
mre system. [Ref. 11: p. 9] 

The fourth element of maintainability focuses on the 
time reguired for the technician to obtain parts, assen- 


blies, or units needed for the maintenance action. This 
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time, item obtainment time, includes the time reguired to 
identify the item, prepare the requisition, obtain the part 
from the storage aré€a, and return to the repair area. 
Backorder time is not considered here, but is included in 
the Logistics Delay Time (LDT) as part of the total 
Maintenance Downtime (MDT). [{Ref. 11:3 p. 9] 

The fifth element of maintainability is the tine ame 
takes to perform the maintenance on the failed item either 
in place on the equipment or to replace tne broken item with 
a replacement obtained earlier. The fault correction time 
can range from a few minutes to severai hours. The mean of 
these times taken over a number of maintenance actions 1s 
commonly referred to as the equipment's Mct. rf Ref. 112 open 
S10 7 

The sixth element is the time necessary for recalibra- 
tion, retuning, and adjustments required Eecause of differ- 
ences between the original item and its replacement. This 
period is known as adjustment and Calibpration times 
fRef. Phe 107 

The seventh element is called checkout time and is the 
time reguired to reassemble and cneckout the equipment. 
Reassembly time measures the time necessary to replace the 
items removed during disassembly and maintenance. The 
second component, checkout, is the time reguired to deter- 
mine if the equipment 1s operating properly andcan be 
returned to service. [Ref. 11: p. 10] 

The final component of maintainability is administrative 
and logistics time and includes downtime due to backordered 
parts, lack of space, test equifment, or maintenance faciii- 
ties, and all the time due to nonavailability of personnel 
caused by administrative functions. This component is 
commonly referred to as Administrative Delay Time (ADT). 
fRetes ile pevi0 ] 
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Ovoemameneapon systems Iite @eycle humdreds of nainte- 
NMance actions will be required and they follow the general 
pattern just described. The average time it takes to 
compiete this cycle is known as the Mean Time To Repair 
(MTTR) for the systen. However, notice those components of 
Maintainability that are really susceptible to being initlu- 
enced by the design of the system's hardware. The designer 
of the system can influence only three of the eight ccnfo- 
nents described, because only three are strictly equipment 
related. The first of these is delay time and it can be 
Shortened significantly through the use of Buiit-in-Test 
Equipment (BITE) designed to improve fault detection and 
moet ication. Early fault detection often prevents further 
damage and reduces the cost of repairing systems or compo- 
nents that faiias a result of the first failure. Fault 
location is the second component that can be directiy intftlu- 
enced. The time required to localize, gain access, and 
isolate the fault can be shortenei with the appropriate use 
of BITE, the proper placement or access panels,: fasteners, 
and components, and the thoroughness of the technical publi- 
cations that accompany the equipment. The final component 
of maintainability that can be influenced by design is cali- 
bration and adjustment time. Here again, BITE, test site 
and jacket placement, and test procedures help shorten that 
time. The other elements of the ILS plan such as suprly 
Support, maintenance pianning, fersonnel training, personnel 
availability, and transportation and facilities determine 
the remaining five elements of the maintainability of a new 
systen. The designer may have an affect on these elements 
momeeough his recommendations tortie. LLoeplanners but it will 
not be the same as the affect he can directly apply to the 


hardware design itself. 
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C. @EMNPACT OF HAINTADNAD ELIT ¥ 


One of the major objectives in the acquisition of ary 
new weapon system is to acquire the system that most erfec- 
tively satisfies the mission need [Ref. 8: p. 3]~ A measure 
of the system's effectiveness in which maintainability has a 
pronounced effect is the life cycle cost of the systen. 
This is most noticeable in the support costs that accrue 
during its life. Studies have shown that improved maintain- 
ability ina system significantly lowers the maintenance 
costs by reducing the labor hours and spares required to 
Maintain it [fRef. 12]. These savings generally accrue 
during the operating life of the system and are difficuit ee 
measure inthe eariy phase of the accuisition. AS one 


contractor representative stated during an interview: 


The buyer wanted it vesterday; he wasn't concerned with 
tne SUPPOEtaoas ey. 7OL mined ne wanted was a systen 
that could perform now. It wasn't until after the 


Secen was fielded did he worry about supportability and 
then it became really expensive to provide the suppert 
package he wanted. 


Developing support packages after the deployment of the 
system is not an uncommon occurrence. Seven of, those 
personnel interviewed stated that when the budget became 
tight the support for the system generally was the first 
area to be cut. One of those interviewed stated that during 
a PEOUUG TION er GoOnte Lace negotiation in which he was 


Par ereirpatame: 


The Government buyer asked hcw much maintainability he 
could get for 375,000; the contractor told him andew 
buyer deleted the entire iten. 


The problem these incidents peint out 1S that maintains 


ability is not being considered as a design objective of the 


hew system as a means of reducing the life cycle costs, but 
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only as something concrete that can be added or deleted to 
the system if there is a spare dollar in tne budget. 

The previous charter stated that the design process is 
evolutionary in nature and, aS in nature, this process 
Zaieecencon the basic 2oundaticns laid during the earliest 
phases of the acquisition process. AS those interviewed 


stated: 


This means that during, the pre-concept exploration 
eeloc that clear concise cbjectives regarding main- 
pananoility for the new system must be considered. 

These objectives should consider the eres Middent a 

Poe iey CTSCelves in funding as well as the desired 

Pee craves BOER SNGh Measures aS HIBM, MMA7OH, MNITR, and 
Or 


maey also Said that during concept exploration these objec- 
tives need to be communicated to those industries, iabora- 
tories, and universities developing these concepts. The 
okjectives should not be communicated in terms of hardware 
or configuration because this would constrain tne designer. 
AS one interviewee related concerning the development of tne 


MX missile: 


By telling us it had to be a three stage missile vice.a 
muon Stdge One OUn ability to design the most maintai- 
hable one was impaired because that dictated the place- 
Pe wtewOor decess panels and cOmplicated the design by 
adding additional components to the systen. 


During the demonstration and validation phase of the acqui- 
Sition when preliminary design is underway, the achiev- 
ability of maintainability objectives can be used as a means 
Sepactermining which designs to pursue [Ref. 10: p. 186}. 
Finally, as the design matures into a piece of hardware 
during full scale development the maintainability of the 
items produced as prototypes can be tested [Ref. 12}. 
Maintainability is not something that can be added toa 


system; it must be designed into it and therefore, must be 
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considered from the initiation of the programe | Ret sees 
Maintainability is not an entity unto itself and is usually 
designed into a system at the expense of something else; 


trade-offs become necessary [Ref. 12]. 


D. TRADE-OFFS CONSIDERED 


Many trade-offs exist when discussing maintainability 
and reliability; most of these are parametric trade-offs 
such as weight vs. performance, maintainability vs. weight, 
reliability vs. life cycle cost, and many others that can be 
developed. Two of these trade-offs, Maintainability vs. 
reliability and life cycle cost vs. Maintainability, ape 
emphasized to demonstrate : (1) the relationship that 
exists, (2) that changing one parameter affects another 
parameter of the system, and (3) that trade-offs cannot be 
accomplished in a vaccuun. The tirst is the trade-off that 
exists between the maintainability and the reliability of a 
system. The nature of the relationship is such that as nore 
Maintainability is designed into the system the reiiabiiity 
of the system decreases due to the increasing complexity of 
the equipment and the need for additional systems to ensure 
rapid failure detection and location [Ref. 12]. As far as 
the contractor representatives interviewed were concerned, 
unless directed to do otherwise, their efforts would pew 
keep the reliability portion of that relationship high at 
the expense of maintainability. They indicated that the 
adverse publicity and impact on future business is greater 
on a system that is constantly failing than the damage to 
business caused by the extended amount of time it requires 
to £1ix a particular systen. Further, interviews with 
Government and contractor personnel confirmed that the 
contractor performed the bulk of the detailed trade-off and 
decision analyses because the buying office generally did 


not have the "tools or the time" to prepare sSsucGheanat,-_.- 
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The other trade-off considered concerns the relationship 
that exists between life cycle cost and wtaintainability. 
Assuming that a balance has been reached between reliability 
amo MatitainabDility and that maintainability has been 
designed into the system; even though the initial acquisi- 
tion costs will be higher, the cperating costs of the systen 
Wiil be less than if Maintainability were not considered. 
The savings that result will be yenerated by the reduction 
in man-hours spent in the maintenance of the equipment, the 
savings generated because unnecessary spares are not 
purchased, and the improved operational availability of the 
system. This trade-off is hard to demonstrate to a progran 
Manager at the initiation of a program because he is 
constrained by a limited budget and funding for the oper- 
ating and maintenance costs in which the savings will accrue 


are programmed from another souice. 


Be SUMMARY 


This chapter provided a discussion of the concept of 
maintainability. Also in this chapter, maintainability was 
divided into its eight components. The chapter identified 
those components that the hardware design could influence 
and described the impact of maintainability on the life 
cycle cost of the system and its role in the acquisition 
process. ena yo, the chapter described the trade-offs 
involved between maintainability and reliability and main- 
tainability and life cycle cost. The next chapter discusses 
the issues and concepts surrounding the use of incentives in 


Contzracts. 
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1¥. INCENTIVE ESsigs 


A. GENERAL 


This chapter discusses the concepts and issues involved 
in the use of incentives in defense contracts. Sone of the 
issues this chapter discusses include: (1) the Signiticams 
characteristics of an incentive; (2) the factors that moti- 
vate the contractor to do businesSs with the Government; (3) 
the functions and types of incentives; (4) the rose of 
uncertainty 1n incentive contracts; (5) the Current Stas 
tures of incentives in defense contracts; and (6) when to 
use incentives in defense contracts. 

The American Heritage Dicticnary defines an incentive as 
“something inciting to action “oOrveirore, as the fear of 
punishment or the expectation of reward; motivatione. 
[Ref. 13: p. 664j] In acquisition, tne concept surrounding 
the use of incentives is that they are generaily employed to 
motivate the contractor to place extra effort in a ™paregee 
ular area of the contract andare designed to serve asa 
reward £0r that eckrouc. This usually neans inereasmme the 
contractor's profit in response to the contractor satisfying 
some predetermined objective. There are five basic func- 
tions of incentives as applied to the acquisition environ- 
ment. The first function is to attempt to distribute some 
of the risk of development programs between the contractor 
and the Government. The second function of an incentive is 
to communicate the Government's objectives in a particular 
program ty targeting those areas in which the Government 
desires the contractor to concentrate his efforts. The 
third function of an incentive is to allow) the contractomeug 


make cost, Schedule, and ferformance trade-offs when 
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destognang a system. mae LOULe@M LuUnctlon@ei an incentive is 
to help alleviate industry claims that a yap exists in the 
free enterprise systen. Veo wiis Bune tlOMmmwom™alh Incentive 
is to motivate the contractor. fRef. 14; p. 30] However, 
incentives to date generally have not done well in accon- 
plishing contractual objectives, but seem to have Shown 
value in directing contractor attention and in assisting 
communication among the contracting parties [Ref. 14: pe 
30 j. One factor that seems tc contribute to the lack of 
effectiveness of incentives targeted at cost, for example, 
is the low share that the contractor must pay for any cost 
overruns [Ref. 15: p. 242). As Irving risher stated in a 


Study conducted for the RAND Corporation, 


Incentive contracts peewee! are NOP sa Ving the 

Government much money through increased efficieficy and 

better cost control. Consequently, the merits of incen- 

bRoe. contracts wili have to te stdged on otner grounds. 
ef 


Incentive contracts in the past have generally targeted 
cost, schedule, and management PorLoLmance™ Of the 
contractor. Tne reasoning for the past approaches to incen- 
tive contracting may have been an overemphasis on the risks 
involved in the development of a new weapon systen 
[Ref. 14]. 


Be ZINCENTIVES AND RISK 


In every new weapon system acquisition, risk abounds; it 
exists in the technology of the proposed system, the costs 
estimates of the system, the proposed schedule for the 
systen, and the achievable performance levels oz the 
required system to name a few. Risk defined in the context 
of acquisition is "the possibility of an unfavorable devia- 


tion from expectations; teal eels, the occurrence of an 


ais 


undesirable contingency." [Ref. 17: p. 3) Most businesses 
when acting aS a whcle, tend to be risk averse, that is, 


they prefer perfectly certain investments to uncertain ones 


with an equal but uncertain return [Ref. 18: p. 206]. the 
Government, on the other hand, is generally classified as 
risk neutral for the following reasons: (1) the wealth of 


the Government is high in relation to the value of the indi- 
vidual decision to be made; (2) the Government's significant 
ability to pool the risks involved; and (2) empirical 
evidence showing the Government's willingness until the mtid- 
1960s to negotiate pure cost-reinbursement type contracts 
[Ref. 15: p. 20]. Hence, in an effort to control cost ove. 
runs, delays in schedule, and pcor performance in new weapon 
systems, the Government was willing to accept a greater 
Share of the risks involved in developing the svstenm by 
entering into incentive arrangements that split the Savings 
that resulted from cost underruns or the excess costs that 


resulted from cost overruns [Ref. 15: p. 14]. 


C. INCENTIVE STRUCTURES 


There are two basic structures for incentive arrange- 
ments currently in use today. One structure involves the 
use of a Share ratio that divides the difference between the 
actual costs incurred on a contract and the target Costa 
the contract according to a predetermined ratio that awards 
or assesses a proportion of the savings or overruns to the 
contractor and distributes the remaining share to the 
Government. This structure is used primarily to notivate 
the contractor to stay under the target cost on a particular 
contract, the theory being that the contractor will benoit 
vated to control costs if they share in the Savings that 
result. HoweveL, there is some doubt as to the effective- 


ness of this sharing of savings in being motivating to the 
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contractor to reduce costs [Ref. 14]. Recent studies have 
indicated that the share allotted to the contractor has not 
been large enough to motivate the contractor to control 
GOsts OF alter his approach to cost control [Ref.j 14}. 

The other incentive structure is the award fee. The 
miGderce COMCept is usually Cargeted toward performance and 
delivery requirements, program milestones, and management 
goals in a contract and invclves the establishment of 
rewards to be given, either in whole or in part, to the 
contractor periodically upon demonstrated performance in one 
of the targeted areas. These areas are usually reviewed on 
a regular basis and awards are made based upon these peri- 
odic reviews. Contractor personnel interviewed stated that 
they favored the use of the award fee structure because it 
required the contract to specify the requirement, the test 
criteria, the time of the review, the amount of the award, 
and generally made the objective of the incentive very clear 
and concise. They felt that the use of the award fee 
allowed contractor management to make choices about which 
incentives to pursue, helped them. place a value on the 
incentive, and helped motivate those people that worked on 
the incentive because it could be stated as a clear objec- 
tive for the progran. An award fee could be publicly 
dispiayed as a goal for the work force to attain and could 
be used to help explain the extra effort required to deliver. 
a product ahead of schedule. Eight of the twelve contractor 
personnel interviewed felt the objectivity that they had 
experienced in the incentive structure in award fee 
contracts made it a more effective notivating tool than the 


Sigare Catio structure. 
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D. SIGNIFICANT CHARACTERISTICS OF INGENTDTiVese 


What are the significant characteristics 32 an incen= 


tive? This question was asked of all the personnel inter- 
viewed for this study. The answers to the question were as 
Giverse as tnose who answered it. However, those inter- 


viewed generally agreed that an effective incentive should 
‘contain at least the characteristics described below. 

The first and most important characteristic of an incen- 
tive should be its pecsitive approach. The incentive should 
be a reward for performance rather than a penalty for 
failure to perform, The warranty and the Reliability 
Improvement Warranty are good examples of a negative incen- 
tive or penalty approach. The contractor is motivatéediiwe 
build a system that does not fail because of the izplica- 
tions of the warranties in the <eentract- They saiac the 
warranty represents a duplication of effort because if the 
contractor produces systems that io not perform they will 
not remain in business for very long. Those interviewed 
generaily agreed that negative incentives do not motivate 
them to produce any more than the minimun Specified reguire- 
ments of the contract. Further, they said, these wartanwres 
were not just given away; ‘that the Government Daid a great 
deal of money for them and cften encountered diirficulty 
enforcing then. They felt that this negative approder 
created unnecessary animosity between the Government and the 
CONELAC COL. They also pointed out that the contractor has 
as much at stake as the Government ina major weapon systen 
acquisition and that if the system fails it only hurts rusi- 
ness in the long run. They indicated that the development 
of a major weapon system is a team effort and that a posi- 
tive approach to solving the development issues was more 
conducive to the kind of performance desired of the system. 


They recognized the need for warranties and did not object 
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to them in contracts they had, however, they resented tne 
use of the warranty aS a tool to induce pertormance. They 
Pelt wampOsitive approach using a reward for performance 
above the minimum target specified would be more effective 
mie stinmulating the Contractor and would probabiy not cost 
any more than the negative alternative. 

Pie thehewenialacteristie the interviewees listed for an 
incentive was recognition. They felt that an incentive 
Should recognize superior perfcrmance as well aS superior 
performers. The interviewees pointed OuEe wena & the 
Government and public were guick to recognize the failures 
of a contractor and very slow to recognize the accomplish- 
ments. They also stated that Government recoqnition of the 
Superior performance of the engineers, assemblers, and other 
manufacturing people was lacking. They acknowledged taat 
the recognition they described was really a corporate func- 
tion, but the contractors said it would really be a mcrale 
booster if the Government acknowledged, if even only by 
jetter, that the employees of XYZ corporation surpassed the 
quality requirements of a contract and delivered a product 
that won an incentive award specified in the contract. They 
indicated that those responsible for the achievement of the 
incentive went unrecognized and sometimes were not aware 
that an incentive waS won. 

The interviewees mentioned another characteristic of an 
incentive, that is, it must challenge the contractor. Some 
felt that the incentives offered for superior performance in 
Contracts they currently had were not challenging. In fact, 
one interviewee stated regarding some of the incentives on 
the F/A-18 program that many cf the reliability standards 
established as goals for incentive awards were too easy. A 
contractor stated that his company considered many of the 
performance criteria established by the Government well 


Within their capablities and worked as though the criteria 


ow 


were just the minimum specifications to be met on the 


COonerace. Theic company was not chalienged to G6 Seven 
their capabilities. "The higher the intended level of 
achievement the higher the level of performance." [Ref. 20; 


pe 163} People tend to concentrate their efforts towards 
those areas that yield the highest rates of reinforcement 
[Ret. (202 ps (167 qe Challenge 1s a form of reinfcorcemrent. 
The contractors felt that the incentives estabdlished should 
ke sufficiently challenging in crder to put some uncertainty 
into the achievability of the incentive. It should be chai- 
lenging but not unrealistic. The interviewees also acknowl- 
edged that it 1S quite easy to look back and say an 
incentive was too easily met and guite another to attenrpt to 
develop an incentive during Concept Exploration that is 
realistic and challenging when the concept to solve the 
Mission requirement has not yet been established. 

Another significant characteristic mentioned by those 
interviewed was timeliness. The timeliness they refer to 
has to do with awarding the contractor the rewards stated in 
the contract when the reward is earned. They stated that 
many times the award of the incentive reward was given weil 
after the engineers or other manufacturers who achieycimems 
had ieft the company or began werk on another project. They 
felt that too often the incentive was paid as a share of 
savings and was hidden in payments to the contractor long 
after the incentive goal was attained. They preferred to 
see the incentive paid when it was demonstrated that the 
performance goal had been met. 

The last and most significant characteristic of an 
incentive according to the interviewees was that it should 
motivate the contractor to perform. They feit the incentive 
Should be challenging enough tc pose a question of uncer- 
tainty as to its attainment. They felt the incentive must 


be clearly established, concisely worded, and objectively 
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ee OmeOoeGeteCr Mine “sew contractor’s success or failure in 
meeting the incentive requirement. They felt that the 
reward for accompiishiny the incentive should reflect the 
misk anvolved in attaining it. The ability to motivate is 
the hardest characteristic tc build into an incentive 
because it requires that the Government understand what 
motivates the contractor they are dealing with at the time. 
The same factors that motivate one contractor co not neces- 


sarily motivate another. 


E. CONTRACTOR MOTIVATION 


Before meaningful incentives can be formulated for a new 
weapon system, there must be aclear understanding of what 
it is that motivates a defense contractor to do business 
with the Government. To understand how to motivate a 


defense contractor: 


You must recognize that you are dealing with people 


Formed Poder nee to nae D aeOmcand Zat Lon. The goals 
mie@etiteRhtions OF the individuaisS are expressed in the 
1§3°° and intentions of the organization. ici mas pe 


Every management student is aware of Maslow's "hierarcny of 
needs" theory that describes human development in terms of 
esata staction of increasing levels of needs from the need to 
meet the bare physiological requirements of ta fet Sto 
achieving the self-actualizaticn he desires as his simpler 
Meeas are Satisfied [Ref. 21: p. 32]. However, most do not 
realize that a corporation also has a hierarchy that it 
seeks to satisfy as it matures and grows during its life 
[Ref. 21: p. 34]. some of these needs or stages a corpora- 
tion encounters during its life are: Sup vViaal, | —PEOLIt, 
market share, and prestige. Understanding the stage of 


development a contractor is in is the key to understanding 
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the best way to motivate it. Fut simply, a Contracton uae 
entering the business iS Sseexing to satisfy sSurvivai needs. 
That means he is interested is getting ali the business he 
can get. After satisfying the basics of survival the 
contractor will direct his efforts more toward increasing 
his Spromac-. As the contractor grows profit will still bea 
concern but he will direct his efforts toward more company 
growth. As his growth needs are satisfied the contractor 
will seek to increase his market share of the industry. As 
all these needs are satisfied the contractor wiil seek to 
satisfy the need for prestige for the company. They wai 
attempt to become known throughout the defense industry as 
the best producer of aircraft or ships and when a )toug@ 
problem arises they will attempt tos become known as the ones 
to ‘Cail. «[ Rebs O21 cep pee 4 OG] 

The perspectives of Government and industry are 


gGifferent as to what Motivates da Conteactor- 


The Government perceives short-term monetary objectives 
Such as profit, cash flow and return On INnVestmenewe. 
the Rey motivators. the contractors express more 
interest in the long-term strategic objectives such as 
company survival and growth and the Lreputation objec- 
tives of pEoeucaag a quality product and ensuring proper 
performance. Both parties Geer however, that profit 
is one of the key factors, and that i1ne€entive feeseiaea 
can resuit in higher profits are an effective méans GF 
motavating the custcmer.  (Rets 22 -pemo 


Government and contract representatives perceived monetary 
rewards such aS incentive fees to be the most effective 
types of incentives. Second in perceived effectiveness 
among both groups were the risk reducing types of incentives 
such aS capital investment protection and long-term funded 
contracts. [Ref. 22: p. 51] Some disincentives were also 
identified in the literature and were verified by the 
contractors interviewed. These included excessive regula- 


tion, socio-economic reuvuirements, unallowable costs, and 
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Gost eecounerng Standavas; Mhowever, the top three disincen- 
tives were: excess Government interference, excess paper- 
Pork, and PE@graM instability resulting from poor Sovernment 
memcninn Gee | Refs 222 pp. 5i—52 |} 

in ordes to motivate a contractor motivation must occur 
on two levels. Elias ba, it 1s necessary to motivate the 
SgemoObdtion and Second to motivate the people that make up 
amen ec OL POration. To motivate the contractor, planning wust 
eEart berore the contract award. ines cCoOvernineme must 
assemble information on the objectives of the acquisition, 
the internal and external constraints on tne Government's 
behavior during the acquisition, EhesecanmtrmactOr §S § ony) ec 
Pimes sand any constraints on his Déehavior {Ref. 7: p. 59}. 
The Government must understand that industry places nore 
interest in long-term profit objectives (a good product and 
continuing business relationshifs) than it does on Ssnort- 
meee profit fRef. 7: ps 75]. LIeNOrivdte d CONtEactOr On 
the second level, the employees, it is necessary to under- 
stand what motivates reople to do what they do. Frederick 
Herzberg pointed out that the motivation to perform a task 
must be developed from within the individual and that the 
best that managers can do to mctivate their employees is to 
create an environment that ignites those desires within them 
FRef. 23). It must be recognized that what motivates people 
Nyaries with people and with situations [ Ref. 24: p. 645}. 
Six factors which do create the situations needed to 


motivate employees are: 


(1). The challenge found in the work. Pens roto ibe 
minimized, peopie must know the purpose and scope of 
their job ee ete ese what their sere Oba ns, cn 
what 1S expected of them, and they must have a belief in 
the value of what they are doing. (2) Sita tus. at 
eneludes titles; promotions, and such symbols as office 
Size and appointments. (3) Leadership, that is, the 
urge to be a leader among ones peers or in ones field or 
ieeaustry. (4) See ee ae The realization that others 
ee compe ting for the job, instant contract, or market 

oSition of the company. ee edi een ts | takes Many 

SEs, Inciua@ng Lear Of error, failure, iloss of a job, 
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or a reduction of a bonus @E& Salary (6) Money is a 


very effective motivator; mest often it is more than 
mere money, it is the ee that accompanies Gitewine 
an award is received. 


In order to motivate a contractor the Government mie 
understand where it stands in the evolution of the business 
and what the contractors needs are. Further, the ccntractor 
must be motivated from two levels, the corporate level: 
through an understanding of the corporate objectives, and at 
the people level through an understanding of the factors 
that motivate people to do their best effort. 


Contractors interviewed stated that a number of fagean., 


motivated their ccmpanies to” do business with the 
Government. First, they felt the business was relatively 
stable. The contractors indicated that ever though the 


intensity of the business andthe volume of defense work 
shifted from time to time there was sufficient work to make 
it a viable industry. Second, they felt there was a defi- 
nite need for their product and that the need would continue 
to exist. Third, they stated a patriotic reason £or tics 
participation in defense work and felt they were making 
Significant contributions to the defense of this country. 
Finally, they stated that defense contracts were generally 
very profitable. They said some contracts were more profit- 
able than others but overall the return on investment in 
defense contracts was very respectable. It is importantes 
realize that defense contractors are businesses and to exist 
they must satisfy the basic function of a business: to 
create a customer {Ref. 26: p. 61]. The customer 15 create 
by contractors directing their attention to two Dasicvacea 
ities, marketing and innovation [ Refl9267 po ecume Defense 
contractors do business with the Government because the 
customer exists, it's profitable, the market can grow, and 
it provides an arena for innovative tecnnology that can be 


applied in the commercial activities of the industry. 
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F. INCENTIVES: WHAT AND WHEN? 


The inteviewees were all asked what would motivate then 
to spend more design effort tc improve maintainability in 
new systems and they provided two basic answers. Babe sty 
they said that if the Government were willing to invest more 
money in the development of mcre maintainable systems the 
contractor would design as much maintainability into the 
system as desired. Their seccnd response was that their 
greatest fear was failure to perform to the level required 
meee COhtract. Tney Said that if a maintainability paran- 
eter was stated in the contract that was achievable, 
demanding, and realistic that they would treat it as a speéc- 
MmebedtioOn and put the design effort in to accomplish it, but 
would adjust the price of the contract accordingly. Taey 
much preferred, however, that more positive approaches to 
improving maintainability be used and recommended that posi- 
tive incentives be used rather than the fear of failure as 
the key motivator. "hig f£ears— [Tf misused to drive disci- 
plinary devices can cause only resentment and resistance, 
mmey can Ohly demotivate." [Ref. 26: p. 237] In the case of 
defense contractors they felt that appeal to the profit 
motive would be a very effective incentive. "The first test 
of any business is not the maximization of profit but the 
achievement of sufficient profit to cover the risks of 
Peomomic activity and thus to avoid loss." [Ref. 26: p. 60] 
The contractor's desire to avoid economic risk and loss of 
profit can also be used to motivate the contractor. Those 
interviewed felt that program stability and multi-year 
procurements were two viable means of motivating the 
contractor without having to resort to the use of exagger- 
ated levels of profit. Peograt Stavilitye would help to 
permit the contractor to improve his efficiency by encour- 


aging the contractor to invest in equipment and facilities 
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that he might not necessarily doit the )progr ane] eee 
was in doubt from year to year. Multi-year procurement ycam 
also motivate the contractor and rejiuce the economic risk 
and possibility of loss of prcfit he faces in every new 
system. In multi-year procurements the contractor may take 
advantage of economic opportunities in purchasing materials 
and in establishing production runs that promote efficiency, 
reducing the risk to the contractor and the cost tome 
Government. Contractors also favored the use of incentives 
to motivate maintainability improvements because they put 
some of the decisions on which objectives to pursue during 
design in the hands of the deSigners. 

When asked when to use incertives, all those interviewed 
were in agreement that incentives should be utiiized 
throughout the development and froduction of the new systen. 
They felt that the plan to use incentives aS well as the 
targets of the incentives should be communicatei to industry 
as soon as possible. They felt that if the objectives of 
the prcgram were to develop a system that was highly reli- 
able, maintainable, or supportakle and incentives were to be 
used for that end, then the industry needed to be aware of 
it at the beginning of concept explorarione Those inter 
viewed stated that it was not necessary to specify the 
specific parameters of the incentives at this point butwoue 
that incentives were going to be used and what general areas 
were going to be targeted. As the acquisition process 
progressed and concept exploration concluded, the specific 
incentive targets could be developed according to the objec- 
tives estabiished. In this manner, they felt that the 
incentives could be tailored to stress those areas that 
would motivate the contractor the most. For example, at 
program initiation the DoD compfonent requesting the system 
specifies that maintainability is to be an objective of the 


system and funds have been allocated for that purpose. 
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Pi eremeonce pte ecxplOradtion the program Manager ensures that 
industry is aware of the incentives available, what role if 
Be ildatitaimdstlity Will pay an the Selection process, and 
what areas are being targeted in maintainabiiity. As alter- 
native concepts are evaluated and the ones to continue into 
Demonstration and Validation selected, the parameters for 
Maintainability and the potential incentives available can 
be defined. As Demonstration and Validation continues, the 
Beetoqners can make the necessary trade-offs to design main- 
tainability into the systen. When the system enters Fuli 
Scale Development, the maintainability of the system can be 
tested on the hardware developed. As Full Scale Develcpment 
concludes, the maintainablity of the system can be verified 
on the prototypes and pilot production models’ produced. 
micas) themgsystem enters production and usé in the 
fleet, the maintainability of the system can be tracked for 
the first year or two of its life to determine if the paraa- 


eters established and tested are valid. 


G. SUMMARY ; 


This Chapter discussed the concepts and issues 
surrounding the use of incentives to motivate defense 
contractors in their design efforts. The chapter included 
discussions on the structure of incentives, those factors 
that motivate the contractor and contractor personnel, the 
Significant characteristics of incentives, and why contrac- 
tors do business with the Government. The chapter concluded 
Maem dad discussion of the timing of incentives and what 


incentive means were favored most by contractors. 
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A. GENERAL 


This chapter presents an example of how incentives were 
utilized to improve maintainability on a major weapon systen 
acguired by the Navy. The weapon system presented 1S the 
F/A-18 Faighter/Attd €kumatn cider The system iS unigue 
because it represents a genuine attempt to place reliability 
and maintainability on an eguai level with the cost, 
performance, and schedule requirements of the systen. The 
approach to maintainability as weil aS an anaiysis of the 
reasons for its success are contained in the following. 

The F/A-18 program was the first major acquisitmem 
program in the Naval Air Systems Command (NAVAIR) to be 
managed under the disciplines of the "New Look", the purpose 
of which was to ensure that reliability and maintainability 
was by design, not by chance [Ref. 27: p. 2]. The F/A=it 
program used incentives to motivate McDonneil Aircraft 
Company (MCAIR) to improve uron the minimum reguirements 
specified in the contract in four areas: reliability, main- 
tainability, life cycle cost, and F/A-18 program milestones 
[Reise 27 jp The incentive program for improvei reliability 
and maintainability reflects the new emphasis on the 
supportability of new weapon systems entering the inventory 
and provides an excellent example of how incentives can be 
used to motivate the contractcr to improve the maintain- 
ability of a system under design. 

The incentive program for the F/A-18 for maintainability 
focused on three parameters: Mean Flight Hours Between 
Maintenance Actions (MFHBMA), System Direct Maintenance 


Manhours per Flight Hour (DMMH/FH), and organizational level 
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Maintenance Manhours per Flight Hour (MMH/FH). The total 
potential award to be won was $12 million and was’ to be 
equally divided among the three parameters so that the 
maximum potential award in any parameter was $4.0 million. 
The proposed plan called for payment of the awards upon the 
demonstration at key decision joints of meaningful achieve- 
ment of measurable maintainability. [Ref. 28] The objective 
of the awards program was to motivate the contractor to 
exceed the specified maintainability requirements in the 
contract by attaching monetary awards to maintainability 
levels achieved in excess of the minimum parameters speci- 
fied. Payment of the awards waS contingent upon denon- 
strated performance in an cperational environment at 
predetermined times. These demcnstrations were conducted at 
the 1200 and 2500 cumulative flight hours test points on 
full scale development aircraft and the 90090 cumulative 
mergnt hOUES test point for pilot production aircraft using 
data gathered during the previcus six month perioc. Each 
Maintainability parameter was evaluated at two different 
cumulative flight hour demonstration periods. [Ref. 28] 
Organizational level MMH/FH was the first parameter 
evaluated. It was evaluated in two increments with a total 
potential award of $4.0 million. The first demonstration 
was conducted at the 1200 cumulative flight hour mark and 
Maoea potential award of $1.5 million which the contractor 
could win if the contractor achieved 8.0 MMH/FH or less on 
mie aircraft. The contractor would earn 50% of that award 
Mee achieved 10.0 MMH/FH and nothing if he reached the 
Minimum target of 11.0 MMH/FH. The contractor achieved a 
72/2 MMH/FH and won the full award. The second increment 
for this parameter was conducted at the 2500 cumulative 
flight hour mark and had a potential award of $2.5 million. 
The targets for this increment were tougher than those of 


the previous increment. If the contractor achieved only 8.0 
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MMH/FH at this increment he wculd not receive any of the 
award, reaching 6.0 MMH/FH would win 50% of the award, and 
attaining 5.0 MMH/FH would win the entire award. MCATIR 
reached 3.62 MMH/FH and won the total award for this iG@eee 
ment. MCAIR's total award for thiS parameter was $4.9 
Million and they reduced the MMH/FH from the minimum target 
goal by almost 400%. [Ref. 28] 

The second parameter evaluated was DMMH/FA and was also 
evaluated in two increments with the potential award split 
into $1.5 million at the 2500 cumulative £iight hor ieee 
and $2.5 million at the 9000 cumulative flight hour wae 
In the first increment the minimum target goal was 20.5 
DMMH/FH and earned no award, 5% of the award was earned if 
the 17.5 DMMH/FH was achieved, and 100% of the award was 
earned if the demonstrated DMMH/FH was 16.0 or better. 
MCAIR attained a 6.32 DMMH/FH and earned the full Se 
Wie @is The second increment was demonstrated on four 
pilot production aircraft at the 9000 cumulative flight hour 
mark. The targets were more restrictive than the first 
increment with the minimum acceptable value to earn any 
award being 14.4 DMMH/FH and 12.0 DMMH/FH earning 100% of 
the potential award. MCAIR achieved a value of 6.48 DMMH/FH 
and won-the full 32.5 million fot this i1n¢cremen For the 
parameter DMMH/FH, MCAIR exceeded the target goal by alnost 
300% and earned $4.0 million in incentives. [Ref. 28} 

The final parameter evaluated was MFHBMA and it too was 
evaluated in two increments. The first at 2500 flight hours 
with an award of $1.5 million and the second at 9000 fives 
nours with a potential award of $2.5 miilion. The minimum 
acceptable value for this parameter in the first increment 
was 0.5 MFHBMA and éarned no award, reaching 0.8 MFHEMA 
earned 50% of the award, and reaching 1.5 MFHBMA earned the 
total award. MCAIR reached a value of 1.14 MFHBMA and 


earned $1.14 million for the first incremert. The second 
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increment contained more restrictive joals and was evaluated 
at the 9000 flight hour mark. The minimum target was .75 
MFHBMA and earned no award with the maximum award being 
given for reaching a goal of 1.6 MFHBMA. MCAIR reacned the 
value of 1.31 MFHBMA and received $2.12 million in awards. 
MCAIR exceeded the targets by almost 200% and earned a total 
Seo. 25° million for this parameter and $11.26 miliion of 


the $12 million offered for maintainability improvement. 


meer. 29 | 
The demonstraticns were performed by operational 
personnel at operational sites. The evaluation plan calied 


for a board of MCAITR and Navy personnel to accumulate the 
data, evaluate the maintenance performed, determine if 
adjustments were warranted to any measured maintenance 
activties as defined by criteria agreed upon by both 
parties, and finally they determined if award of the incen- 
tive should be given and what fercentage of the total award 
would be given for values between targets. Table 1 contains 
a summary of the target goals, potential awards, attained 
goals, and earned awards by MCAIR in the F/A-18 progran 
{[Ref. 28]. 

Some of the lessons learned from the experience in the 
F/A-18 program are contained in the following and are 
described by acquisition phase. In Concept Exploration the 
following strong points were identified: 1) High level 
Management (Navy and MWCAIR) attention and support of main- 
tainability objectives was essertial to getting the results 
obtained. This attention was the result of briefings to the 
contractor by high level Navy fersonnel which included the 
Assistant Commander for Systems and Reiiability, the Deputy 
Chief of Naval Material for Reliability, Maintainability, 
and Quality Assurance andthe Program Manager for the 
systen. aro eeeevoleattention Was a Major factor it 


keeping the contractor efforts focused on providing equal 
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TABLE 1 
F/A-18 Maintainability Goals 


soal Achieved Award 
Max. Earned 
Mine 
1200CH leo 0 
10.0 50% 
8.0 Hee 100% $1.5¢ 
2500CH 8.0 0 
6.0 50% 
Sao Seo 2 100% $2.5 
ys Ais 
2500CH eS Q - 
17 50% 
16.0 6.32 100% 31.5M 
9000CH eS 0 
14.4 50% 
0 6.48 100% 32.5M 
MFHBMA 
2500CH aS 0 
. 8 50% 
125 1.14 100% $1.14M 
9000CH Ss 0 
1.00 50% 
lhacaie ion 100% $2.12é 
SOUECe>s i Retaa ©) 


attention and emphasis with cost and performance to achieve 
the desired levels of R&H." (Ref. 27] (2) The award fee 
provisions helped to ensure contractor emphasis on Réil 
disciplines. The establishment of the fira award fee 
dollars provided a clear understanding of what was expected 


in the area of maintainability. 


This. provision for award fee for achieved maintain- 
ability is considered a prime factor in the motivation 
and dedication shown by the contractor to Correct wma. 
See ne eee problems as the were identified during the 
development phase. [ Ref. 


(3) Also during this phase visits by key contractor manage- 
ment personnel and design supervisors to operational sites 
provided a good insight into fleet concerns and the problems 


that exist on current aircraft Weapon.) systemae This 
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PEOweaeammanuewUnderStanamng Of the need for changes in 
existing design concepts to eliminate or reduce the impact 
to the fleet of the new system and to reduce the cost of 
ownership to the user and increase the operational readiness 
of the new system. [Ref. 27] 

During Full Scale Development the following positive 
aGeltcns occurred; (i) Periodic appraisals of contractor 
performance in the area of maintainability were an effective 
means of continuously reinforcing the contractors notivation 
toward Maintainability issues. The appraisals were 
conducted ona quarterly basis and awards were made for 
performance in life cycle ccst milestones and progran 
Management milestones. Chora 27 i) (2) Extensive use of 
Design Reviews and Technical Ccordination Meetings assured 
adequate consideration was given to maintainability recuire- 
ments duriny design and testing. During these meetings the 
maintainability impiications of every decision was discussed 
and stressed the use of trade studies to balance cost, 
weight, and performance with maintainability parameters. 
These meetings were attended Ey R&M design engineers and 
fleet maintenance personnel to frovide an effective means of 
identifying appropriate Maintainability CEathe—oL ns. 
meet. 27) (3) A memorandum of agreement between the Navy 
and MCAIR was negotiated before Full Scale Develcpment 
ig ht testing which established a Reliability and 
Maintainability Review Board. Dic wDOcrdmeons il Ssted OF Navy 
and MCAIR personnel which assessed, verified, and corrected 
all R&M data as necessary befcre submission into the Wavy 
and MCAIR data systems. The memorandum described the ground 
rules for documenting failures, maintenance actions, and 
Manhours during the flight test program and helped alleviate 
any potential arguments. The Beard also provided R&M design 
engineers with excellent feedback on any problems that 
developed. [Ref. 31] (4) They integrated the reliability 
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and maintainability activities of the Ccontractory togencue 
that the maintainability design baseline ana the ioegieeme 
Support analysis used the allocations developed by tne 
contractor rather than independently derived values. Ie 
this manner, Significant dirferences in the basic values 
used to determine spares provisioning and manning levels 
were avoided. For tne F/A-18, the contractor used the engi- 
neering activity allocations as the source of data for the 
logistics planning community. {Ref. 27] (6) ContlaGigem 
corporate Management personnel attended Preproductiom 
Reliability Design reviews. Attendance kept them informed 
on the impact of R&M and on concerns of the Navy. Tt was 
also useful in convincing management to ensure adequate 
funds and Manpower were allocated to the program and were 
not deleted when other performance problems began to apfear. 
[Ref. 27} 

Normally during the production phase of a program engi- 
neering effort starts to disappear. However, this was not 
the case in the F/A-18 progran. For the first tine Vou 
Major system, the contractor's R&M engineers were allowed to 
follow and track the aircraft into the fleet. { Ref. 27] 
This monitoring allowed verification of the effectiveness Or 
the numerous R&M corrective actions identified during Full 
Scale Development which, due to lead tine requirements had 
not been incorporated and evalvated in the aircraft during 
the Full Scale Development phase. It also provided on-site 
evaluation and engineering investigation of any new reli- 
ability or maintainability problems not seen during the Full 
Scale Development flight testing. This allowed for the 
rapid resolution of R&M problems that almost always appear 
after the formal testing is comflete. (Re£. 27] The F/A=ae 
program incorporated many of the positive criteria for 


incentives discussed in the previous Chapter. 
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B. ANALYSIS OF THE PROGRAM 


PieaialysmomeOnethie ©£7/A-198 “program with respect to its 

use of incentives for maintainakility reguires consideration 
Beene following: (1) conceptually, should the incentives 
motivate the contractor, keeping in mind the significant 
characteristics of incentives and the factors that motivate 
a contractor as described in Chapter IV, (2) were the goals 
realistic enough to challenge the contractor or were they 
merely specifications that were established at too lew a 
level, (3) were the targeted parameters proper or were they 
too general, and (4) were the award payments for successful 
achievement or did they amount to funds unnecessarily spent. 
Conceptually, the incentives for maintainability in the 
F/A-18 program were effective for severai reasons. Ee sity 
the Navy made a commitment at the outset of the program that 
Maintainability was going to tea major objective of tke 
program and required that minimum maintainability specifica- 
tions be written into the contract. Second, MCAIR personnel 
were provided the opportunity to talk to the customers to 
ensure that MCAIR design engineers understood the orfera- 
tional environment and the conditions under which mainte- 
hance would occur. This fostered an attitude of teamwork 
between the Government and the contractor. Third, the Navy 
allocated $12 million for incentive awards for maintain- 
ability which helped to convince MCAIR top management that a 
real commitment to maintainability had been made. BOwin way, 
the awards were designed to be paid as the results of the 
Maintainability demonstrations were established providing 
timely reward for contractor efforts. Fifth, the incentives 
were structured as award fees which were clearly identifi- 
able to contractor personnel. Sixth, corporate management 
used the award program in the contract as a means cf nmoti- 


vating their employees. MCAIR developed award programs of 
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their own which provided monetary awards for beneficial 
suggestions submitted by employees. It also included gifts 
to employees consisting of models of the aircraft, coasters, 
and other memorabilia all desigred to help maintain employee 
enthusiasm for the project. Finally, the incentives were 
targeted to specific parameters such as MMH/FH, DMMH/FH, and 
MFHBMA and the minimum acceptakle levels for these parame- 
ters, the conditions of testing, definitions of test objec- 
tives, and other parameters were mutually agreed upon and 
included in the negotiated contract. The incentives were 
effective because the contractor was motivated. This fowls 
vation stemmed from the following: he was treated as a tean 
member, he was involved early in the program decision 
process, his design engineers as well as corporate manage- 
ment were involved in working tcward the awards, the awards 
were a substantial amount of money, the contractor directed 
design efforts toward attaining the Maintainability Gqoauee 
and the contractor possessed the technical capability to 
meet the maintainability objectives stipulated. [{Ref. 31] 
The second area of concern focuSes upon whether or not 
the incentives did motivate the contractor's performance. 
This issue involves the values for the parameters estab- 
lished in the awards payment plan. One Government represen- 
tative indicated that the values for the parameters were too 
low and that if presented the opportunity to reconstruct the 
incentive program he would make those parameters much more 
stringent. His opinion was supported by a contractor repre- 
sentative with experience on the project who indicated that 
the parameters established were well within the company's 
capability so they treated the parameters as they would any 
other contract specification. Even though the contractor 
directed significant attention to the targeted areas, he 
indicated there was never any doubt that the company would 


€arn a significant portion of the available incentive award. 
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The long range effectiveness of the money spent on these 
incentives is yet to te determined. However, as the data in 
wae e ew Snow £0r CY W383 after an accumulation .of 23,881 
MenMe mourns Dy the F/A~18, thcse areas targeted for incen- 
tives reflect a distinct 1lmprevement in performance over 
other aircraft in the fleet. The MFHBF for the F/A-18 was 
more than twice that cf its nearest competitor, the F-4J//S. 
The organizational level MMH/FH was less than half the value 
of the A-6E and substantially below that of the A-7E. The 
real effectiveness of the awards program will not be real- 
ized until later when improved aircraft availability and 
operational readiness of the F/A-18 can be demonstrated. 
[Ref. 32] The conclusion that can be reached is that even 
though the objectives may have teen too low to challenge the 
design capabilities, the potential award was sufficient to 
keep the contractor interested in maintainability and helped 
to provide an aircraft with reliability and maintainability 


Superior to anything in the current Navy inventory. 


TABLE 2 
REM Parameters of Fleet Aircraft (CY 1983) 


Maccratt FH MFH BF MMH/FH MMH/FH* 
A-G6E Re 0.59 ~~ 2 0 7.95 
A-7E to, 200 0.66 7/5 Bis Ge 
F-47/8S 46,904 Omar 2 eae 7. 3 
F/A-18 Zao | 1.69 10.47 3.6 

*- scheduled maintenance 
seurce: [Ref. 32] 


The F/A-18 program targeted three parameters for incen- 
tives: in/near a, and MPHBMA. These parameters are 
very broad categories and aS such reguired extensive defini- 
tions of what constituted a maintenance action, a failure, 


what time was considered productive and nonproductive for 
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purposes of maintenance labor ccmputations as well as others 
too numerous to mention here. Appendix C contains the defi- 
hitions for accountable and nonaccountabDle Tabor as Consiga 
ered in the computation of the maintainability parameters. 
[Ref. 29] These definitions were necessary because of the 
broad scope of the criteria selected for measurement and 
incentive targeting and were needed to ensure that the 
values of the parameters were properly computed. The broad 
scope of the parameters chosen and the numerous assumptions 
and definitions reguired as a result made the award process 
more subjective than was necessary. 

The F/A-18 program contained minimum specifications for 
other parameters as well. Among these was a required fault 
isolation time which specified that 95% of the faults must 
be isolated within a time periol of five minutes; them 
remaining 5% of the faults must be identifiei within ten 
minutes. However, no incentives were attached to this 
parameter. This was a valid candidate for an incentive 
because it would have an effect on all the general parame- 
ters stated in the incentive plan and would have influenced 
the designers to focus more attention on the design of the 
Built-In-Test-Equipment (BITE). The BITE capabilities were 


also outlined in the contract and did not have any incen- 


tives assigned to it. As a result of the lack of incen- 
tives, these items did not receive -the same level of 
attention as that received by the other parameters. 


Conseguently, BITE was one of the weakest areas of the whole 
system [Ref. 30]. The rationale for targeting the general 
parameters was the belief that they would drive the design 
of the specific values for fault isolation, fault Pocatuaus 
and other related measures [Ref. 30}. The result, however, 
was that by designing to lower the values of the broad 
areas, the influence of a particular element that composed 


that value could be minimized. 
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From the interviews for this study, it was determined 
that a better approach would be based on a different 
sequence of parameters. The first parameter would be delay 
time and the incentive would be targeted specifically toward 
Siereening the length of time required to detect the fault. 
The second parameter to be targeted would be fault location 
and the incentives would be targeted specifically toward 
shortening the time it takes to localize the fault, gain 
access to the failed component, and isolate the failed part. 
The third parameter would be the time necessary to adjust 
and recalibrate the system after maintenance is completed. 
As was stated in the chapter on maintainability, these three 
elements are directly hardware related and by specifying 
challenging targets in these parameters and attaching 
Significant incentive awards to them, the design engineers 
would ke motivated to design the hardware with these consid- 
erations in mind. To significantly shorten these times, the 
designers would be faced with solving the engineering 
problem with either the addition of more BITE, simpler hard- 
ware, or a combination of the two. ipsiiecessr lle s iors — 
ening these times, the maintenance cycle and the cumulative 
values of maintainability such as MTTR and MMH/FH would be 
reduced. These parameters would be identified during 
Concept Exploration and definitized during Demonstration and 
Validation. The demonstrations and testing for award 
purposes would occur during the Full Scale Development phase 
of the acquisition. 

The parameters described above would stimulate the 
designers to design maintainability into the system. To 
ensure that the engineering efforts continue, two other 
parameters could be targeted for incentives: (1) establish 
incentive awards for MTTR objectives and (2) establish an 
award schedule for operational availability. The purpose of 


these incentives would be to maintain contractor interest in 
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Maintainability during the Full Scale Development and early 
Preoductaon ~ and Deployment fhases of the acguisitioge 
Although these elements are not strictly hardware related, 
Significant incentives in this area may motivate the 
contractor to develop more efficient and informative tech- 
NMical publications and maintenance procedures f0r ~Gae 
systen. 

It iS important that whatever parameters are selected, 
they be objectively attainable and demonstrable during the 
testing and award process. The parameters should be 
constructed so that the contractor does not ignore one 
aspect of the system to achieve an award in another area. 
During the F/A-18 program one of the weakest areas of the 
system was its BITE. The contractor pursued the R&M incen- 
tives at the expense of BITE which did not have any incen- 
tives targeted to it. As a result, the r/A-18 was inundated 
during the testing of the system with false alarms which 
caused confidence preblems among Navy and MCAIR maintenance 
personnel [Ref. 32]. The sole use of the cumulative maiz- 
tainability parameters was partially responsible for this 
because some of the maintenance actions and their associated 
times caused by BITE failures couid be assumed out of the 
calculation of the targeted farameters. Targeting the 
incentives to specific values such as delay time, fauder 
location time, or failure isolation time would help elim 


nate much of the subjectivity involved. 


C. SUBMARY 


In this chapter an example of a successful appiication 
of incentives for improved maintainability was presented. 
The awards payment plan and the incentive parameters used in 
the F/A-18 program were identified and an analysis) Oia 
reasons for the success of the program as well as possible 


areas for improvement were identified. 
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VI. ANALYSIS OF THE PROBLEMS AND ISSUES IN INCENTIVES FOR 


MAINTAINABILITY 


A. GENERAL 


his study has discussed the components of maintain- 
Pieltiv, 1tS COlLe in the acquisition process, itS impact on 
the life cycle costs of a weapon system, and its role in the 
design of aweapon systen. In addition, the issues and 
concepts involved in the use of incentives to motivate 
contractor performance were alsc discussed. Further, the 
Study provided an example of a major weapon system acquired 
by the Navy in which incentives were used to motivate the 
@emebactor to direct his attention to the maintainability 
Characteristics of the system as well aS other progran 
objectives of the Government. The case demonstrated a 
successful applicaticn of incentives to improve the nain- 
tainability of a new system. However, the fundamental ques- 
tion still remains as to whether it is appropriate to use 
incentives for the purpose of improving maintainability. If 
it is assumed that it iS appropriate, then a number of gques- 
tions as to how it would be accomplished immediately arise. 
This chapter will address questions concerning the appropri- 
ateness of incentives for maintainability improvement, the 
structure of the incentive plan, and other maintainability 


issues that should be considered. 


Be. APPROPRIATENESS OF INCENTIVES 


The question of appropriateness of using incentives for 
Maintainability improvement was initially answered by those 
interviewed from a parochial view. They were viewing the 


issue from their own company product or Government position. 


a9 


From that iimited perspective, those interviewed were split 
as to the appropriateness of using incentives to improve 
Maintainability. One Government official related that 
incentives were not necessary tc motivate the contractor to 
design maintainability into a new system; that if the 
Government could determine the level of maintainability it 
desired in the system then that level should be specified in 
the contract and the contractor's failure to achieve that 
level would be tantamount to nonperformance. He stated that 
it was not desirable to use incentives because of the asso- 
Clated administrative burdens that accompany them and a much 
Simpler method of accomplishing the same objective was 
available. He also stated that he was not convinced that 
the money needed for the incentive awards would really buy 
any more maintainability. | SiILla bey an engineer fora 
missile producing ccntractor ccncluded that it clearly was 
not appropriate to use incentives for maintainability 
improvement in missiles. The emphasis, he said, was on 
reliability since the \atuces of Wene weapon mandates 
successful performance on demand. His rationaie was if the 
missile worked, it was destroyed. If it did not, the Erom 
ability was also high that it would be destroyed either 
through enemy action or through the user's action to protect 
himself during landing or disarmament operations. HOwever, 
these viewS were in direct contrast to those expressed by 
other contractors; especially those involved in the design 
of integrated systems. One program manager enthusiastically 
supported the use of incentives for maintainability improve- 
ment in systems on which he worked. He stated that the 
technology existed to improve the maintainability of the 
system he supervised but the Gcvernment was satisfied with 
the existing maintainability level ard was not willing to 
fund any improvement. As a result, he said, there was no 


motivation for him to put more design effort into the 
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Product. Another contractor interviewed stated that incen- 
tives were more appropriate fcr weapon systems with new 
Poeimicorodyetidn Lt was for the mature technology in older 
systems. He stated that it wouid be more appropriate to use 
incentives in the Midgetman pregram because of the flexi- 
bility available in the design cf that program that was not 
now available in the older Minuteman systen. 

Fhen asked to respond to the issue ona more generic 
levei, the contractors interviewed responded more favorably 
toward tne idea whereas the Government representatives were 
more reluctant to endorse such a plan, presumabiy because of 
the extra burdens it placed on the administration of the 
comtract. Government representatives interviewed felt that 
incentives were inappropriate because their effectiveness 
could not be predetermined, they added complexity to the 
contract, the contracts were more costly to administer in 
terms of manpower, money, and time, and in general possessed 
the necessary framework for many more disputes related to 
the incentive provisions. The contractors generally felt 
they were appropriate because their use shifted the 
decision-making process for design trade-offs to the 
contractor who they felt was more capable of making the 
trade-off decisions. They said incentives helped to connau- 
hicate the objectives of the Government ina particular 
peogeam, it provided the contractor the opportunity to earn 
More profit as a result of his innovation or erficiency, and 
it allowed the contractor the opportunity to more effec- 
tively manage the risk involved in the system's development. 

This study found that the appropriateness of using 
incentives for maintainability is dependent upon several 
PEectOrs. ne Sater is the mission of the system being 
aequired. It would be inapprofriate to use incentives ona 
system that is designed to be used once andis either 


destroyed or discarded afterward, as in most missile 
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systems. It is also inappropriate to use incentives ina 
system in which the maintenance concept stipulates that only 
intermediate or depot level maintenance will be performed. 
The biggest gains in terms of eguipment readiness will be 
made by efficient maintenance at the organizational ievel. 
Consequently, the maintainability of a system should be 
dictated by organizational level maintenance needs. 

The second factor that determines the appropriateness of 
incentive use is the state of technology of the systen. igi 
the technology of the system is mature, there may not be any 
innovative way to design a system to be more maintainable 
and the potential increases in maintainability will be 
offset by the design effort femat care. On a system that 
is pushing the state-of-the-art, potential gains in wmain- 
tainability are enormous. The existence of trade-offs in 
design and materials, the availability of alternate technol- 
ogies to solve the engineering froblem, and the willingness 
of those involved in the deSign to be innovative are all 
factors that assist engineers in improving maintainability. 

Another factor which helps to determine the appropriate- 
ness of incentives is the maturity of the design. This 
factor is closely related to technology in that in a mature 
design, most improvements that could be made have been made 
through configuration changes or product improvement and the 
potential gains again would not offset the effort to attain 
then. The Minuteman system iS a good example. I tie. Soe 
mature weapon system that has Eeen in use for a long tine. 
Clearly, it would not be appropriate at this stage in the 
System's life to try to motivate the producers Giicae 
missile to design More maintainability into the system even 
though periodic changes in the components of the system do 
occur. On the other hand, the STEALTH program with a design 
and technology still in its infancy possesses enormous 
potential gains in maintainability and with a little notiva- 


tion, the contractors involved may well pursue then. 
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aia dy; one must consider the objectives of the 
program. P—lOwCriMngetne SUPpCEr COSts of the system is an 
objective, then maintainability incentives may be appro- 
PELat e. If keeping the acquisition costs of the program to 
a Minimum is the objective, then incentives may not be 
appropriate because they tend tc reguire more funding at the 
Start of the life cycle of the system than may be tolerable. 
Contractually, incentives wiil require more administrative 
effort and supervision than contracts without them and if 
Simplicity 1s an objective, then incentives may not be 
appropriate. However, if the objectives are to stimulate 
contractor performance, lower the life cycle costs of the 
system, and produce the most maintainable system affordable, 
then incentives may very well be appropriate. 

Several factors have been mentioned regarding the appro- 
priateness of using incentives for maintainability and fron 
the responses of those interviewed and the literature, it 
could be concluded that the decision to use incentives aust 
be made on a system-by-system basis. the decision 15 not 
one that can be put off until late ina program. It must be 
made at the outset considering those factors mentioned above 
as well as any additional relevant issues peculiar to the 
program or situation involved. If the decision is made that 
incentives are not going to be used, then an alternate means 
of satisfying the program's maintainability objectives must 
be found. However, 1£ the program manager or decision 
authority decides it is appropriate to use incentives for 
Maintainability improvement, then a number of problems arise 
that must be addressed before any contracts are awarded. 


These problems will be addressed in the next section. 
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Co.) STRUCTURE OF THE INCENDRVEeer aN 


The structure of the incentive plan is another area that 
must be addressed. Specifically, it concerns the tinrngwage 
method in which payment will be made after successful demon- 
stration of the parameter. Earlier in the study the share 
ratio structure for incentive contracts was discussed. 
Interviewees stated it would be extremely difficult to use 
this structure for maintainability incentives. The reason 
for the difficulty is the inability to establish the nagqni- 
tude of the award until a significant period of tine in the 
operating life of the system has passed. Toe share ratio 
would have to be applied to the estimated savings in life 
cycle costs that would result by achieving a level of Main- 
tainability better than that originaily specified in the 
COLT ack. It would aiso be difficult to eguate a dolla 
value to a specific maintainability parameter's value. ie 
would be hard for a contractor to be very enthusiastic about 
such an arrangement because it would be difficult for the 
GONUTrAGCLOL te determine the value of the incentive. 
Additionally, the contractor would not be paid the incentive 
for a considerable period of time after the design effort 
was completed and the amount cf savings that would’ result 
would be dependent upon factors other than those the 
CONCILACtOrD SPeout dc ontro, such aS personnel training or 
supply support. The contractor would also have to estabiish 
a means of collecting the data from the field. Finally pene 
complexity of such an arrangement would make it almost 
useless as a tool for corporate management to motivate their 
employees. There is, however, an acceptable alternative. 

Under the award fee incentive structure, a specific 
amount of money is established aS an award and specific 
objectives for the contractor are formulated. The contrac- 


Eom Ss performance is reviewed periodically and a 
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determination of whether or not the award has been earned is 
made. If the objective has been met, the award is paid. 
For maintainability incentives the award fee would be nore 
efficient because it can be more objective, it can be peri- 
odically reviewed, it is paid ina more timeiy manner, the 
potential award is clearly established, contractor manage- 
Ment and employees could readily establish the relationship 
between the effort required to accomplish the incentive and 
the expected payoff that resulted, and it would be a much 
eruplec amstrument to drart and administer in the long run. 
The F/A~-18 program used the award fee structure for its 
reliability and maintainability incentive program very 


successfully. 


De. OTHER MAINTAINABILITY INCENTIVE ISSUES 


In Chapter IV, the significant characteristics of an 
incentive were described. These characteristics were: (ap 
a positive approach (ie., reward accomplishment rather than 
penalize nonperformance), (2) recognition of achievenent, 
(3) the challenge of the incentive, (4) timeliness of award 
of the incentive, and (5) the incentive must motivate the 
Cometactor. In addition to those characteristics of an 
incentive, the chapter also described four issues to 
consider when constructing incentives to motivate a 
Sontcractor. These are; {1) attempt to construct an incen- 
tive that can be used by management to motivate the 
employees of the company as well as itS management, (a) 
attempt to ascertain the contractor's needs by determining 
meomstage Of Maturation of the company, (3) realize the 
appeal to the profit motive is a good motivator throughout 
the maturation process and is the easiest to use, and {4) 
understand that other risk-reducing incentives are avail- 


able. Two examples of additional incentives that might be 
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used are multi-year procurement and capital investment 
incentives. These must generally be done before the work is 
initiated and the incentive demcnstrated and will be hard to 
sell to the decision authority because of regulatory 
requirements and the fact that successful accomplishment of 
the incentive cannot be guaranteed. 

However, once the decision has been made to motivate the 
contractor to improve maintainability through the wseuiee 
incentives, several issues arise that must be addressed. 
The first of these is a determination of what measures or 
elements of maintainability will be targeted for incentives. 


To be effective, the target must be defineable, measurable, 


demonstrable, and testable. Contractors interviewed 
expressed concern about the Governnent's ability ie 
adequately determine these measures. Too often, they said, 


they received vague and incomplete specifications or work 
statements that made it very clear the Government did not 
know exactly what it wanted. Incentive targets must be 
exe? Tele. For maintainability, the components chosen as 
targets must be hardware related and under the design 
control of the icenreracran. In addition, the target must be 
constructed as objectively as fossible. If a formula is 
used to compute the value of the element, then all assump- 
tions regarding the derivation cf the formula, the defini- 
tions of terms used in the formula, and any circumstances 
that would result in adjustments to the value of those terms 
must be stipulated as part of the contractual instrument. 
The interviews revealed that part of the problem of what 
to target is the source of the information concerning the 
targets. Government program personnel can offer suggestions 
based upon their view of the probiem as can perspective 
contractors, but these sources will naturally bias their 
information in favor of their own parochial interests or 


abilities. Tire best sSovrces Of TIAfOrtaLluon on the 
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Maintainability requirements for a new system are the oper- 
ating and maintenance personnel who wili operate and main- 
mean - it. Pn ciom~tyn=o 8 Pregran, Contractor personnel 
visited fleet units and talked to operating and maintenance 
personnel during concept exploration. This permitted then 
to become familiar with the operating and maintenance envi- 
ronment of the system before getting too heavily into the 
design of the aircraft. As a result the designers possessed 
a better understanding of the nature or the problem faced by 
the using units. The operating and maintenance personnel'ts 
viewpoint will also be biased. However, it will be biased 
in the direction of the realities of the environment in 
which the system must be used and not by design or engi- 
neering theory or the political issues that surround the 
progran. 

The target of the incentive should be a specific paran- 
eter and not some general measure of maintainability. Hor 
example, MTTR, MTBM, or MMH/OH are too general to be used by 
meenscelves and, as discussed earlier in the study, in the 
case of MTTR, many of the elements that comprise it are not 
controllable by hardware designers. If general measures are 
targeted then they should be used during the later portion 
of the program. For instance, to motivate the contractor 
during full scale development and production and deployment 
of the system, measures like MITR and Ao may be more appro- 
priate. Using incentives in these areas will help to stinu- 
date the contractor's interest in shortening LDI, MDT, and 
ADT by ensuring that adequate supply support, Sid Iain 
procedures, technical publications, and facilities are 
considered by program personnel. To motivate the contractor 
early in the program, the design related components of main- 
tainability such as delay time, fault location time and its 
components, and adjustment and calibration time should be 


targeted. These components are very objective, measurable, 
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and subject to design trade-offs. In considering Wwhatwee 
target for maintainability incertives, targets that motivate 
the contractor over the duration of the acguisition precess 
are more appropriate. During design and development of the 
system targets should be considered that are hardware 
specific and as objéective as fossible. During the later 
phases more general measures such as Ao and MTTR to help 
stimulate the contractor's interest in the other elements of 
maintainability should be used. 

Several interviewees indicated that after deciding wnat 
parameters will be targeted for incentives, several issues 
remain unanswered. These concern primarily the demonstra- 
tion and testing of the parameters chosen for incentive 
award. They include the method of testiny of the hardware 
produced, the personnel conducting the test, the evaluation 
criteria for determining the success or failure of the 
GONntracteor Sseorroretr. and who will make the determination 
that the contractor has earned the incentive. Answering 
these guestions affords the Government the opportunity to 
motivate the contractors by invelving them in the construc- 
tion of the evaluation process. One method of accomplishing 
that task is to form a board of program and Conmemae vam 
personnel to collect and analyze the data from the testing 
of the system and prepare recommendations to be submitted to 
program management for determination of the success of the 
COUEEACHOE SC lr rOr us Testing for incentive award purposes 
Should be done by operating and maintenance personnel who 
will receive the system. The test should be conducted under 
the supervision of an independent testing facility. The 
testing personnel would also sukmit findings to the progran 
Manager regarding the success cf the contractor's efforts. 
Testing should be done on full scale development and preduc- 
tion models of the systen. To win the incentive the 


contractor must demonstrate achievement of the targeted 


68 


parameters on full scale development and production models 
of the system. It was pointed cut by some interviewees that 
by involving the contractor in the evaluation process, many 
of his concerns about the fairness of the evaluation 


criteria or testing methodology wili be alleviated. 


E. SUMMARY 


This chapter analyzed the issues surrounding the appro- 
priateness of using incentives for maintainability improve- 
ment. It also provided an analysis of the problems and 
issues involved in the construction of incentives for that 
purpose. The- next chapter provides the conclusions, recon- 
mendations, and answers to the research questions formed in 


the study. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 


Based upon the findings by the researcher the conclu- 


Sions for the study are contained in the following: 


ia 


Incentives are appropriate for use in Government 
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improve Maintainability in weapon systems under 
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design. Maintainability is composed of elements of 
sufficient objectivity tc be appropriate targets for 
incentives. Chapter III, Section B described the 
components and identified the particular elements 
best suited for incentives. Chapter IV, Sectionsms 
and D discussed the issues involved in the structure 
of incentives as weli as the Significant characteris- 
tics which should be considered when attempting to 
use them to motivate a contractor to improve main- 
Cainank ity. Chapter V contains an example of the 
successful application of maintainability incentives 
in the F/A-18 program and discusses the factors that 
led to its success. Maintainability is described by 
Many different measures and an erfective incentive 
might be applied to any one of then. The F/A=ie 
program demonstrates that incentives targeted to 
hMaintainability can have a significant impact on the 
priority and level of attention given to it during 
design and-development of the system. The incentives 
also help the Government to establish their maintain- 
ability objectives for the svstem and communicate 
these objectives to the contractor. The ultimate 


result of the incentives in the F/A-18 program was a 
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Slicer Me Madi Mtalnaple aircraft that wiil provide 
better availability, lower operating and maintenance 
costs, and improved equigment readiness to the fleet. 
There is every reason tc believe that this success 
can be duplicated in new weapon systems being 
acguired if incentives for maintainability are used. 
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LOPIMNPEOVe MMatntatnability DY Means Of incentives is 


not widely used today. The contractors interviewed 
indicated that maintainability specifications were 
present in most of the centracts they had, but incen- 
tives were not attached to then. They indicated the 
emphasis was stili on the reliability of the systen. 
As discussed in Chapter IV, Section D the reliance on 
merely a specified level of maintainability will not 
motivate the contractor to do more than comply with 
tHe wspecaLication. If contracting officers wish to 
induce the contractor to improve significantly above 
that level, maintainability must be given more 
priority and attention by Government accguisition 
Managers. The F/A-18 represents the first system in 
NAVAIR to use an incentive program that included 
maintainability incentives as part of the contract 
and its success helped to demonstrate that maintain- 
ability waS an appropriate target for incentives. 
Based upon the success enjoyed by the F/A-18 progran 
and with continued interest in improved maintain- 
ability by program management, as prompted by users, 
incentives used for maintainability improvement will 
become more prevalent. 

Maintainability is playing a greater role in the 
acquisition of equipment. The reliability and main- 
tainability program for the F/A-18 program is an 


excellent example Ou: the increasing role 
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maintainability as well as the other elemeneeso ea 
are playing in acguisitions todave Chapter Izy 
Section A and Chapter JVI, Section A described the 
increasing role of maintainability in the acgquisivuiog 
of weapon systems today. The theme of the "New Look" 
program at NAVAIR is that reliability and maintain- 
ability should be by design, not by chance. 

Maintainability has a definite impact on Ele wees 
cycle cost of the system and must be considered irom 
program initiation. Maintainability is not a feature 
that can be added to a system just prior to produc- 
tion. Maintainability is a design feature subject to 
trade-offs against other design features such as 
reliability, COSt, weight, and performance. 
Decisions to increase the maintainability of a systen 
are made at the expense of other traits and must be 


done with the knowledse of the impact of those 


decisions. 
Maintainability objectives must be estabiisbed Veamam 
in the program and those objectives must ~ be cleama 


e 
communicated to industry, laboratories, or Universils 


ties preparing the aiternative concepts for eau. 
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systen. As discussed in Chapter III, Section C and 
Chapter IV, SCCElLOn er, Maintainability objectives 


must be established early in the acguisition process 
and considered throughout. If incentives are to be 
used to achieve these objectives, the areas to be 
incentivized and how much money will be committed to 
the effort must be ccmmunicated to the concept 
designers early in their efforts. 


The role of maintainability will Demain secondarvwaee 


the reliability of a wearon system. This will remain 


the case unless specific attention is directed to 


maintainability because of the pressure on the 


ie 


contractor to have a fail-proof weapon systen. 
Chapter III, Section D discussed the trade-offs 
involved in the design of a weapon system and pointed 
out that a direct trade-off exists between reli- 
qGomlaty= and Wadmtainability. It was established 
during interviews that contractors had more to lose 
designing a system that was unreliable than one that 
waS just unmaintainable and would continue to direct 
their efforts toward systen reliability at the 
expense of maintainability unless the Government 
directed otherwise. 

Picere i eweeontbactors abe motivated ~by ~~ datferent 
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incentives. A corporation is a growing and maturing 
organization and some incentives that motivate it 
during its early years wiil not necessarily notivate 
it as the organization natures. To be effective, 
incentives must be tailered to fit the contractor's 
needs aS wellas the Gcvernment's objectives. Tn 
ChaptereilvY, Sections A and E, the significant cnarac- 
teristics of incentives and the factors that motivate 
contractors were discussed. The role of these char- 
acteristics was Shown in Chapter V, Section C with 
the F/A-18 example and again in Chapter VI, Sections 
Band C in the description of factors to be consid- 
ered in using incentives for maintainability. 


are Suitable for incentives. Those components are 
delay time, fault location time, and adjustment and 
calibration time. The remaining five components are 
predominantly functions of the other elements of 
Integrated Logistics Support (ILS) and the reduction 
of the times in those components will be reflected by 
the ILS planning for the system. As discussed in 


Chapter iti; Section B and Chapter IV, Section C, 
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these components are hardware related and are the 
most Suitable for incentives because they ultimately 
drive the values for the cumulative measures such as 
Mean Time To Repair (MIT Re Maintenance 
Manhours/Operating Hour (MMH/OH), and Operational 
Availability (Ao). Further, using incentives 
targeted at those parameters wiil force the designer 
to consider Built in Test Equipment (BITE) and other 
design factors when desisning the systen. 


The award fee contracting method of structuring 
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maintainability goals. This waS demonstrated in 
Chapter V, Section C-in the F/A-18 example and again 
in Chapter VI, Section C ihn the discussion Cima 
issues involved in structuring the incentive. To 
effectively motivate in this context the award fee 


structure reguires a concise definition of the target 


of the incentive, the amount of the award to be 
earned, and the demcnstration requirements for 
earning the award. The use of the award fee allows 


the contractor to make key decisions regarding the 
incentive by providing management with a valuation of 


the award. 


Be. RECOMMENDATIONS 


Based upon the findings of the study and the conclusions 


derived from it, the researcher recommends the following: 


ee 


The use of aincentives to motivate contractors to 


design more Maintainability into new weapon systems 
Should be expanded beyond the current levels. 
Incentives have been shown to be an effective method 
OL directing comeraerco: attention to Government 


objectives in systen acquisitions and, is 
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PUpirerme tll srewaraing, Will anduce the contractcr to 
devote more effort toward accomplishing those objec- 
tives. Maintainability has been shown to be a 
SIomicdicanen driver 1n themoperating “and maintenance 
costs of a weapon systen. It has demonstrated 
repeatedly its effect cn the availability of the 
system and fleet readiness. Therefore, to help 
reduce the operating and Maintenance costs and 
improve the availability and readiness of the egquip- 
ment to be used in the fleet tomorrow, it is impera- 
tive that maintainability be a prime objective in the 
acquisition OE Systems under design eodday. 


Incentives are an effective means of ensuring that 


Maintainability will receive the attention ie 
warrants. Expanding the use of incentives for main- 
tainability improvement could be encouraged if 


program managers were reguired to stipulate naintain- 
ability objectives and demonstrate maintainability 
growth in the systems they manage. This will require 
a commitment on the part of the Government and 
contractor personnel early in a program and will 
require continued attention to the Reliability and 
Maintainability implications of every decision in the 
program. 

An experiment on the maintainability characteristics 


a 
of certain weapon system should be conducted 


S 
determine which family of weapon systems are most 
appropriate for Maintainability incentives. Before 
meaningful incentives can be constructed for improved 
Maintainability it is necessary to understand the 
peculiar maintainability characteristics for indi- 
vidual weapons families and whether maintainability 
iS an appropriate incentive target. The experiment 


would involve the identification of the type of 


a 


weapon (eg., tank, missile, ship) “aurceagt ecco 
Maintenance concept generally employed for “tine 
systen, the operational mission of the system, and 
the degree of organizaticnal maintenance required for 
the system. The experiment would help establish 
classes of weapons in which maintainability incen- 
tives are highly appropriate, appropriate, Or NOE 
appropriate as a means c£ accomplishing program and 
operational objectives. It would also help to iden- 
tary parameters most Suitable for incentivess 
Establishing these classes would also assist in the 
development of a general model for structuring main- 
tainability incentives. The buying commands should 
be tasked with performing such an experiment on all 
weapon systems under their purview and publisning tne 
results in a guide appropriate for use by progran 
Managers. 


A generalize nod 


lb 
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or structuring faintainabalgia 
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d mode 
incentives should b 


e developed for Lamilies of weapon 
Systems and applied in their acquisition oh a case- 
by-case basis. A generaiized model would help to 


segregate the differing maintainability objectives 
that often exist between different weapon types and 
Willi help to identify the role of the maintenance 
concept in the formation of those objectives. FOr 
example, the maintainability objectives, characteris- 
EL¢es, and maintenance concept for a tank age 
different than those of an attack aircraft and both 
will differ from those in a radde system: To strvce 
ture the most effective maintainability incentives 
possible, these differences must be clearly identi- 
fied and addressed. The buying commands could accon- 
plish this by identifying maintainability objectives 


for all their system acquisitions in general terms 
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and then developing for é€ach weapon family (eg. tank, 
aircraft, ship, etc.) those specific maintainability 
objectives they desired that system to possess. 
After identifying the fanily's malntainability objec- 
tives, they could be utilized to develop specific 
Poeiio lew tOmWemmavaluaable for use as a guide in 
developing incentive targets. AS programs are initi- 
ated, the program managers would have a general guide 
to assist them in tailoring maintainability incen- 
tives to meet specified program, family, and customer 
Maintainability objectives. 


ice tl veomolotld | pemtariored t65r1t Eke neecs of the 


contractor involved. Tailoring of incentives to 
contractor needs iS ifportant to ensure that an 
incentive designed to fmrotivate a contractor in a 
particular part of a program, actually motivates hin 
in that area. for =instance; a contractor witha 
Product Lon contract that desperately needs the 
1culViay sete tne ws plant te henaln open during a busi- 
hess slump between contracts is not. going to be moti- 
vated by an incentive that encourages him to deliver 
earlier than the date specified in the agreement. Or 
consider an incentive that adds 3% more profit to the 
contract to reward design efforts in reducing the 
weight of a system, but costs the contractor 5h to 
pay for the effort. A ccntractor needing more profit 
at this particular time will not be motivated to 
pursue the incentive. However, a contractor that is 
attempting to build his reputation with DoD of his 
industry peers aS an innevator or problem solver nay 
Povo uLeasepbOllt —,en the anstant contract to satisfy 
his need for prestige. The importance of under- 
standing the contractor's business needs is to nelp 


make the incentives chosen more effective on 


TS 


accomplishing Government 


objectives. Tailoring “ou 


incentives to contractor needs can be accomplished by 


requiring more analysis cf 


in) thes ndwseus, 


incentive to ensure it has 
dee 


GON enactor-: 
of 
the 


arrangement. 


part 
take time 
Ta nce ntive 
award fees 
Sharing formulas. 
nition in terms 


money early ina 


Government contracting 


the contractor's posites 
the the 


potential to motivate the 
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Will also require flexibility on the 
te 


incentive 


representatives 


=O develop a suitable 


The award fee requires more defi- 


target of the incentive and more 


system's life cycle, but is gener- 


ally considered to be amore objective arrangement 
than the sharing formula. Additionally, the award 
fee provides several advantages in an incentive 


arrangement for maintainability that the share ratio 


cannot meet. 


Ce. ANSWERS TO THE RESEARCH QOUESTICONS 


The answers to the primary and subsidiary research ques- 
tions are provided 


ie 


in the following: 
C 


The primary research guestion was: C 
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Q 


used in Government contracts to improve 
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ability of eguipment acguired in the 


answer to the primary research question is clearly, 


yes. Incentives have been shown to be an effective 
method of 


maintainability 


directing contractor attention  towapdeed. 
Or the equipment 


used might take 


Characteristics 
The 


variety of forms. 


under design. incentives a 


They may be positive incentives 


Focusing Yon Tsuen 2 bans as) protie, multi-year 
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procurements, or capital investments. Negative 
incentives might also be used. These would concen- 
Beater ol the Contractor's fear of failing toc perforn 
as required by tne contract. Some of the possible 
negative approaches might include maintainability 
warranties OL extremely eaeg) ae maintainability 
specifications. . 

What iS maintainability? Maentanabrlity is a char-— 
acteristic of design and installation in a weapon 
systen that makes it possible to meet operational 
objectives utilizing a minimum amount of maintenance 
resources. 

How does maintainability reiate to th 


equipment today? Maintainability is a characteristic 


acguisition of 


or design and as such must be considered at the 
Pilelac won of the progran- Maintainability is also 
subject to trade-offs with other design parameters 
such aS reliability, weight, or performance. It must 
be considered when formulating system objectives and 
must be considered in sukseguent design decisions. 

What motivates a contractor to do business with the 
Government today? Defense contractors are notivated 
to do business with the Government for a variety of 
reasons. First, the defense pusiness is relatively 
Stable in spite of periodic changes -in volume and 
intensity. Second, defense contractors perceive a 
vital need for their product today and in the future. 
quiere Gd «, defense contractors do business with the 
Government for patriotic reasons and believe they 
make a Significant contribution to the defense of 
Chis Coury: Finally, defense contractors believe 
that the business is very profitable and provides a 


respectable return on their investment. 


I 


incentives? Successful contract incentives generally 
possess the fcllowing characteristics: First, the 
incentive is designed aS a positive notivator of 
Contractor perprornance- It is used to encourage the 
contractor to extraordinary performance rather than 
penalizing the contractor ‘for substandard perforn- 
ance. A second Charactetis vic omen incentive is its 
recognition potential, that is, its ability to reeogs 
nize the accomplishments of the contractor and his 
employees. Another characteristic of an incentive is 
the challenge it presents to the contractor involved. 
Challenging and realistic objectives and incentive 
targets are essential tc direct contractor interest 
and innovation in the targeted areas. A fourth char- 
acteristic is the timeliness of the award of the 
incentive after demonstrated performance. The award 
Should be paid when the target is achieved and not 
hidden in progress payments or in a contract settle- 
ment paid some time in the future. Finally, eae 
incentive should motivate the contractor to perforn. 
Understanding tne motives of the contractors involves 
in the program is also necessary to develop 
successful incentives. 

What would the objectives of incentives 


z 
ability be in Department of Defense contracts? The 
objectives of maintainability incentives in DoD 
contracts are: to reduce the life cycle costs of a 
new systen, particularly with respect to the oper- 
ating and maintenance ccsts of the systen; (2) ate 
1mprove the operational availability of hewly 
acquired systems; (3) to improve the efficiency and 
effectiveness of the support efforts for the new 


systen; (4) to improve the operational readiness of 
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the units in the fleet that receive the new systems; 
(5) to promote a team approach in the develcpment of 
new svstems; and (6) to encourage the contractor to 
achieve a higher level of performance than the 
minimum specifications for the systen. 

7. What are the current methods used to promote main- 


tainability in Government contracts? Maintainability 
has not been a favorite target for incentives in 
Government contracts until recently. Most or the 
incentives in the areas cf support have been directed 
toward the reliability of the systen. The method- 
ology in those efforts have varied from the use of 
award fees given to the contractor for meeting speci- 
fied reliability goals to the use of warranties to 
guarantee the reliability of a system with the 
contractor being responsible for the costs of the 
unreliable systems. The F/A-~18 program represents 
the first weafon system acquired by NAVAIR to target 
maintainability goals for incentive award in addition 
ta the more traditional ones established under award 
fee type contracts. | 
8. How can incentives be used to motivate the contractor 
to improve maintainability? Incentives can be used 
to motivate the contractcr to improve maintainability 
in new systems by focusing corporate management 
attention to the targets of the incentives, identi- 
fying Government's maintainability objectives in the 
System, and to reward the contractor for design effi- 


ciency and innovation. 


De. AREAS FOR FURTHER RESEARCH 


Additional research should ke conducted in the following 


areas: (1) to determine if multi-year contracts would be an 
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appropriate means and effective method of improving the 
Maintainability of new weapons, and (2) to determine if 
capital investment incentives would be an effective or 
appropriate mears of motivating the contractor to improve 


the maintainability of a system under design. 
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10. 
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13. 


14. 
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APPENDIX A 
LIST OF PERSONNEL INTERVIEWED 


Althaus, W 
systems, £E 
August, 19 


1 
Annett, Robert I. ILS Manager-MX, Westinghouse 
BLCCtIIC, PIOonirronn cota eeOo, Calyrornia, 
Interview, September, 1984 


alter F. Program Manager Ground/Surface 
ih Com em ocmueesc  cdllrOrhia, Interview, 
be 
eo 


Belcher Kenneth A. Senior ee eae Bao oe Sebdt eguc 
Corporation Citrus Heights, California, Interview, 
September, 4984 , 


ee See Don, Mechanical Engineer, REM Branch, U.S. 
Naval Air Shears Command, WaShington D.C. Interview, 
August, 198 


Freeleich, Gordon, Vice President for Contracts, 
Sal drPOonnia Wacrowave, San Jose, California, Interviek, 
September, 1984 


Glaser, John, Logistics Manager, Wright Patterson Air 
Force Base, Dayton, Ohio, Interview, September, 1984 


HOEUS, J.C. Director, Contracts and Pricing, Teledyne 
yen ee eon cS: San Diego, California, Interview, 
mg ust, 


Kearney, James F. Senior Systems Engineer, Grumman 
Aerospace Corporation, Mineola, New York, Interview, 
October, 1984 


hom glom, CON thacts Manager, Hughes Ground Systems 
ny eS On, fomona, California, Interview, August, 1984 


McTeague, Mark, Major USMC, Integrated Logistics 
piapOort egenainator, LMA Branch, Headquarters 0.5. 
oon” Comps, aN asningeon, D).C>s Interview, October, 


Melnick, Eugene K. Maintainability En 
Aerospace Co. Bellevue, Washington, I 
October, 4 


neer, Boeing 


gi 
nterview, 


PetLeCrLSoOn, Blifer Li. B-18 ILS Manager, Rockwell 
Sous) OND Carson, California, Interview, October, 


Pliska, T.L. Assistant Manager, R&M Division, Hughes 
Ground Systems Division, Pomona, California, 
Interview, August, 1984 


Quail, Stanton E. Logistics Manager, Ford Aerospace 
Communications, Sunnyvale, California, Interview, 
October, 1984 

Sarri, Al, Manager R&M Division, Hughes Ground Systems 
ie eotOlsroneia, California, Interview, August, 1984 


a 


A How do you view the logistic support issues when 


preparing O© Lesponding £6 a kl lor sine 


2. What role does maintainability play ina system you are 
designing and how are trade-off decisions made Sauna 


design? 


3. What would motivate you to focus more design effort into 
the improvement of maintainability in systems under design 


today? 


4. What do you consider to be the significant characteris- 
tics of an incentive inan incentive contract or similar 


arrangement? 


De Are incentives currently being used in any of your 
present defense contracts and.what areas are being targeted 


for the incentive: Lienot sw). 


6. Is the Government using incentives to encourage the 
improvement of maintainability in the design of future 


systems? 


7. What is it that acts as the greatest incentive for your 


company in participating in defense contracts? 


8. Where and what should the incentive be when attempting to 
improve the maintainability of other logistic support 


considerations in the new systems being acquired today? 


9. How would you construct an incentive to improve the nmain- 


tainability in a new acquisition today? 
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10. Do you think that improved maintainability can be accon- 
plished through the use of incentives and if not, is there a 


more appropriate method to be used? 
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APPENDIX C€ 
F/A-18 NON-ACCOUNTABLE LABOR DEFINITIONS 


The following are definiticns of non-accountable labor 
for the F/A-18 program: f{f{Ret. j 


ibe 


Ze 


_. The 
erfort 


The labor to rework any part drawn from supply to 
reestablish its useful life or pre-issue check. 


Labor 9f removing,. installing, checkout and testing 
invoiving the acquisitior of parts through Cannavaceee 
zation. This applies only to the tine Spent onae 
Gann balized jqiperanrt. 


Maintenance induced damaged where technical data is 
not being followed. 


The modification, rework, or adaptation of nonstan- 
dard parts to create a usable spare. 


Maintenance Beer nee as a result of operator error, 
Or improper handling of equipment. 


Look phase of inspections not defined in Maintenance 
Requirements Cards. 


Maintenance actions for failures induced by equipment 
oferation outside design envelope. 


Maintenance actions for failures induced during. main- 
tenance when such actions could have been avoided if 
proper GSE were on hand. 


following are considered nonproductive types. of 
and were excluded when determining reguired 


parameters: 


le 
ae 
re 
4. 


as 
6% 
We 


Delivery oz parts to close proximity of the aircraft. 
Parts turn-in tine. 
Personal time (coffee breaks, etc.). 


Researching manuals for the purpose of training 
personnel. 


Delay of all types including weather. 

Time spent proceeding to and from the scene of work. 
Any, interruption resulting from flight test. ee 
= on ee nt and special investigations which impede 
the normai maintenance DEQOCE Ss. 

Forms documentation other than entry of direct, 
accountable maintenance actionsy cane upon the 
VIDS/MAF, Or applicabic (CLEA Reece = 

Non-active maintenance times to include cure times, 


kattery charging times, and wait time after erasing 
Ultraviolet ({UVjJ PROMS before reprogramming. 
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oe peel time spent as a result of human error in not 


lowing approved technical Manuals/maintenance 
Ree caule= as determined on a case-by-case basis by 
e ° 


Himvoliddtilon OF Fevyrsten OL technical data and similar 
tasks not related to reguired maintenance. 


12. Movement of aircraft due to weather, disaster preven- 
tio, and practice exerciSeS involving aircraft 
movement. 
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